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Seward Plant of Penn Public Service Corporation 


Mine-MoutH Power PuaAnt Ties INto SystEM 
SUPPLYING INDUSTRIES IN JOHNSTOWN District 


—" ASSING THROUGH the western part of 
Pennsylvania on the Pennsylvania Rail- 

P road, the observing tourist will be im- 
pressed by the sight of an immense power 

Aes plant with towering smokestack, a forest 
IeenS of steel towers close by and from it trans- 
mission lines extending across the valley 

and over the mountains. Outside the power plant there 
is no industry within miles which could possibly use the 





this is the heart of the Western Pennsylvania coal fields, 
and that this immense power plant, tucked away on a 
mountain stream, is one of those developments of recent 
years known as a mine-mouth, super-power plant. 
Such is the first impression one receives of the Seward 
Power Plant of the Penn Public Service Corporation 
which was put into service last May. This plant is one 
of a system which furnishes power through a network 
of transmission lines to the industries and homes in the 








FIG. 1. GENERATING UNITS IN SEWARD PLANT 


great amount of power which this plant must generate, 
not even a city is near by, merely a village of a few 
houses is in the proximity of this great power plant. 
Viewing the mountains rising on either side of the 
rather narrow, winding river valley and observing the 
frequent passing of train loads of coal, one realizes that 


counties of Cambria, Center, Clearfield, Indiana, Somer- 
set and Westmoreland. The area covered by these serv- 
ice lines approximates 2500 sq. mi. and the population 
occupying this territory exceeds 400,000 people. 

The Seward plant is located at the approximate load 
center of the system, being on the north bank of the 
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Conemaugh River near Seward about 10 mi. west of 
Johnstown, which, with its 100,000 inhabitants and im- 
portant iron and steel industries, is the largest city 
calling upon the system for electric service. 

The remarkable growth in generating capacity of 
this company from 12,000 kw. in 1915 to 75,000 kw. in 
1921 is due principally to the recent development of the 
coal mines in this territory, yet the clay and steel in- 
dustries are important and growing users of power from 
this system. 
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FIG. 2. TERRITORY SERVED BY PENN PUBLIC SERVICE 


CORPORATION 


Of the service rendered last year, about 78 per cent 
was for power purposes, 15 per cent lighting, 5 per cent 
for other railway and electric utilities and 2 per cent for 
street lighting. Motors connected to the system aggre- 
gate over 85,000 hp. and street lights supplied number 
approximately 2400 in all the municipalities. 

Connecting the 10 generating stations and 110 sub- 
stations of the system are 459 mi. of 22,000-v. and 19 mi. 
of double circuit 66,000-v. transmission lines all well 
guarded with modern lightning arresters and cross con- 
nections against interruption of service. 

In deciding upon this location for the Seward plant, 
four principal factors were carefully considered: First, 
a location central for the entire system ; second, adequate 
water for condensing and boiler feed purposes; third, 
an abundant supply of good coal; fourth, railroad facili- 
ties. All of these requirements are admirably met by the 
location selected. 

Surveys and estimates of the connected load and 
probable growth indicated that Seward is close to the 
center of the present load in the north and south direc- 
tion but is west of the center as the territory is now 
developed. It is expected, however, that loads will be 
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taken on from the west; thus ultimately the plant will be 
close to the center of the entire load of the system. 
Although the condensing water supply is the factor 
which will limit the ultimate capacity of the plant, the 
Conemaugh River at this point has a well regulated flow, 
governed to a great extent by several dams in the head 
waters. The minimum flow, as recorded over a period of 
several years past, is sufficient to furnish condensing 
water for a plant of 100,000 kw. capacity. Mountain 
streams have been dammed to furnish boiler feed water 
that is free from excessive scale forming impurities and 
acid which are objectionable features of the river water. 
At a distance of 600 ft. from the plant is the mine 
shaft from which the coal to be used will be drawn. 


This mine produces a semi-bituminous coal of an excel- 


lent grade known as Miller or B vein coal, and is owned 
by an affiliated company whose rights cover a territory 
of 1700 acres with sufficient unmined coal to supply the 
needs of the plant for 50 yr. 








FIG. 3. LOCATION OF SEWARD PLANT WITH RESPECT TO 
RIVER, MINE AND RAILROADS 


Railroad facilities were provided by building a short 
siding from the Conemaugh Division of the Pennsyl- 
vania Railroad. 

Inasmuch as the present demand for power does not 
necessitate the immediate completion of the plant to its 
ultimate capacity the unit plan of arrangement and 
development was decided upon and the present building 
houses three 1600-hp. boilers with provision for one 
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more, two turbines rated at 20,000 kw. each and the 
electrical switches, transformers and other auxiliary 
equipment necessary for the economical operation of 
the plant. The building, as it now stands, is 186 ft. long, 
156 ft. wide and 89 ft. high from basement floor to roof. 
It is a steel structure with brick walls on a concrete 
foundation, division walls of brick being placed between 
the boiler and turbine rooms and the electrical bay. 
Roof construction consists of a slab of cement upon which 
is placed a layer of 2-in. hollow tile to prevent sweating, 
and this is covered with a five-ply Barrett specification 
roof. 

To facilitate the removal of ashes in railroad cars, 
the foundation for the boiler room is brought up to the 
general ground line, but the turbine room foundation 
is 8 ft. below that of the boiler room as this arrange- 
ment lowers the head necessary for the pumping of con- 
densing water. All floors in the building are of concrete 
slabs purposely roughed on the surface as a safety meas- 
ure to prevent attendants from slipping, likewise the 
treads on stairways have rough surfaces which give a 
safe footing. A 50-T. crane is provided for handling 
turbine room equipment and the main transformers. 


CoaL HANDLING 


RISING FREIGHT rates, labor difficulties in mines and 
on railroads, and the seasonal fluctuation of the demand 
for coal in the city are factors which point to the loca- 
tion of a power plant at the mine mouth as the correct 
solution to the problem. The Seward plant is excep- 
tionally well located in this respect, being only 600 ft. 
from the mine shaft. Coal is delivered in the company’s 
own drop bottom cars, or at some future time provision 
may be made for delivery to the plant in conveying 
equipment direct from the mine tipple. Yard storage 
space for 200,000 T. is also available from which coal may 
be handled by means of a locomotive crane. 

Miller or B vein coal comes from the second workable 
coal vein in this section of Pennsylvania and is, in 
many respects, a superior fuel for steaming purposes, 
a sample analysis being as follows: Volatile combustible, 
15.38 per cent; fixed carbon, 75.64; ash, 8.16; moisture, 
0.82; sulphur (free), 2.00; heat value, 14,369 B.t.u.; 
fusing temperature of ash, 2400 deg. F. 

While the plant will depend principally upon the 
local mine for fuel, in cases of necessity coal may conve- 
niently be shipped in from the surrounding district. 
Mine-run coal is delivered to the plant and there dumped 
into track hoppers which feed a balanced semi-automatic 
skip hoist, which in turn carries the coal to an elevated 
hopper. A screen in the chute from this hopper sepa- 
rates the fine coal from the lumps, thus bypassing the 
screenings around the crusher and delivering them to a 
belt conveyor. Likewise, the lump coal which has been 
reduced to the proper size by passing through the 
crusher, gravitates to the belt conveyor and all is dis- 
tributed by an automatic tripper in the steel bunker 
suspended over the firing aisle. 

The complete plans of the plant provide for a dupli- 
cate coal handling equipment with a skip hoist at each 
end of the building and two belts for distributing the 
coal. 

Three induction motors drive all the coal handling 
machinery now installed and, as a safety precaution, 
pushbutton stations are provided at convenient points 
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along the belt line, near the crusher and at the skip 
hoist to enable workmen to stop the machinery quickly 
in case of emergency. This equipment, however, cannot 
be started again until the solenoid operated mechanism 
is released from the station located at the conveyor drive. 

Extending as it does the entire length of the boiler 
room directly over the firing aisle, the coal bunker affords 
storage space sufficient to run the plant about three to 
three-and-a-half days. It is of steel plate, lined with 
3 in. of concrete and sealed off from the boiler room 
proper thus protecting the equipment beneath from dust. 
The width at the top is 23 ft. 9 in. and the depth is 30 ft., 
thus providing space for about 12 T. of coal per lineal 
foot. Steep crickets along the bottom of the bunker 
insure the movement of all the coal in the bunker and 
thus reduce the fire hazard due to a pocket of coal. 

Two cast-iron chutes lead from the bunker to each 
stoker hopper, these are fed through coal valves which 
are enclosed in heavy canvas to prevent the flying of 
dust. 








ase: Ne sonnincs hedede 
FIG. 4. VIEW OF PLANT FROM FOOTBRIDGE 


Ashes are dumped directly from the hoppers be- 
neath the stokers to railroad cars run in on tracks at 
the ground elevation. The ash hoppers receive the refuse 
direct from the clinker grinders and are constructed 
of concrete and lined with brick, the capacity of each 
being about 45 cu. yd. At the bottom of each hopper 
are three air operated gates each giving a 5 ft. by 5 ft. 
opening. This section of the basement is walled off from 
the rest of the building to prevent dust from spreading. 

It is the intention to use these ashes for improving 
the roads around Seward and to facilitate this work 
trucks can be used to receive the ashes direct from the 
hoppers, loading being accomplished in a few minutes. 
A water spray system is provided in the hoppers and 
the ashes are thoroughly wet down before dumping. 


STOKERS 


SERVING EACH boiler is a 13-retort underfeed stoker 
12 ft. 4 in. in depth from the face of the front wall to 
the extremity of the clinker grinder mechanism. There 
are three rams in each stoker retort and the stokers are 
22 tuyeres deep. The estimated capacity of the stoker 
is equivalent to 310 per cent of the rated capacity of 
the boiler. Driving each stoker is a 15-hp. variable 
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speed, direct current motor, adjacent stokers being 
arranged for left and right drive for convenience in 
operation. On each stoker ram shaft is a stroke counter 
by means of which an estimate is made of the amount 
of coal used. At the discharge end of the stoker is a 
double roll clinker grinder which is divided into two sec- 
tions, each section being driven continuously by a 714-hp. 
variable speed, direct current motor. The design of the 
stoker is such as to provide large coking volume in thie 
fuel bed and a high efficiency curve over a wide range 
of operation. 

Air for combustion is supplied at a pressure of 4 to 
6 in. of water depending upon load conditions, by tur- 
bine driven fans located in the boiler room basement. 
Each of these fans has a capacity of 250,000 cu. ft. of 
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air per minute and the driving turbine to which it is 
attached through a reducing gear is rated at 375 hp. 

Primary air supplied to these fans is drawn from a 
conerete duct into which the cooling air from the main 
generators is discharged, additional air required comes 
through gratings in the boiler room floor. All fans dis- 
charge into a steel duct under the firing aisle and the 
wind box of each stoker is connected to this duct by two 
pipes through which the passage of air is controlled by 
butterfly valves. 

Automatic boiler regulation is accomplished by steam 
pressure control regulators. Thus the speed of each 
fan and the position of each uptake damper is varied 
in accordance with the steam pressure in the boiler 
while the speed of the stoker ram shaft is hand con- 
trolled and the position of the forced draft butterfly 
valves is regulated by the gas pressure in the furnace. 
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At present three boilers are installed, each having a 
rating of 1600 hp.; space, however, is provided for one 
more boiler in the building as it now stands. The ulti- 
mate capacity of the plant as planned calls for 16 boilers. 
These are of the cross drum, water-tube type, each con- 
taining 702 tubes in 39 sections, 18 tubes high, which 
gives an approximate heating surface of 16,000 sq. ft. 
Under normal operating conditions, the steam pressure 
will be 275 lb. and by passing through a superheater 
located between the first and second gas passes of the 
boiler 180 deg. of superheat will be added, bringing the 
final steam temperature up to 600 deg. F. 

The arrangement of the tubes and baffling in the 
boiler is such as to give a combustion space 15 ft. high 
with the first and second rows of tubes exposed their full 
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CROSS-SECTION OF COMPLETED PLANT SHOWING ARRANGEMENT OF EQUIPMENT 


length to the radiant heat of the furnace; a horizontal 
baffle covers these two rows for about two-thirds of their 
length and directs the gases toward the rear of the 
boiler where they enter the first gas passage across the 
tubes. The other two baffles are vertical and direct the 
gases for three passes across the tubes. 

These boilers are 38 ft. high, 27 ft. wide and 26 ft. 
deep, and the bottom of the tube headers is 15 ft. above 
the boiler room floor. Boiler settings consist of an inner 
lining of firebrick, one course of cil-o-cel brick, 14 in. 
of asbestos board and a steel outer casing. The back 
wall of the furnace inclines to the clinker grinder so 
no bridgewall is provided but the back wall as well as 
the side walls are protected from clinker formation by 
jets of steam from nozzles built in the furnace lining 
just below the surface line of the fuel. A checkerwork 
of firebrick has been built in the front wall of the fur- 
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nace through which air from the wind box is admitted 
over the fuel bed to protect the front wall from melting 
due to excessive heat when the furnaces are being worked 
at high rating. 

One of the unusual features of this plant is the loca- 
tion of the breechings leading to the stack; these are 
above the roof of the building, an arrangement which is 
economical of building material and affords a more com- 
fortable boiler room for the attendants. The breeching 
is of steel insulated with magnesia block 2 in. thick, the 
whole being given a weather proof covering. 

At the present time only one stack is constructed 
but the ultimate arrangement calls for four, each serv- 
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free from injurious impurities and requires very little 
treatment. From the reservoir formed by the above 
mentioned dam, a 12-in. cast-iron pipe conveys the water 
to the basement of the turbine room where one turbine 
and two motor driven service pumps are installed to fur- 
nish the necessary pressure for the entire system. 

Two 10,000-gal. storage tanks located in the pent 
house over the boiler room roof are supplied through 
interconnected duplicate pipe lines from the service 
pumps, and maintain constant pressure for delivering 
water to the softening systems, turbine bearings, trans- 
formers, ete. The storage tanks are equipped with high 
and low water alarms and overflow connections. 
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FIG. 6. BELT CONVEYOR OVER COAL HOPPERS FIG. 7, FRONT VIEW OF BOILERS FIG. 8. FEED WATER TREATING SYSTEM 


ing four boilers. The stack is of steel plate, lined with 
tile and a concrete fill between the steel and tile to pro- 
tect the metal from corrosion. 


Freep WATER 3 


CoNEMAUGH RIVER water is contaminated with water 
pumped from mines and as a result contains not only 
large percentages of scale forming material but free 
acid, making it undesirable as a boiler feed water. A 
mountain stream, however, called Hice’s Run, is fed by 
springs and has been dammed at a point about 114 mi. 
‘rom the plant to insure a water supply for feeding 
boilers and general purposes. This water is remarkably 





In case the supply from Hice’s Run should fail, the 
service pumps are so connected that they may draw water 
from the condenser discharge tunnel, thus the plant is 
insured against a complete failure of boiler feed water. 

Water used for boiler feed purposes is treated by the 
hot process softening system, two units of which are 
now installed each having a capacity of 30,000 gal. per 
hr. In this process the raw water comes from the serv- 
ice piping through a float controlled valve to the feed 
water heater where its temperature is raised to about 
210 deg. F. The reagents are then introduced and the 
treated water passes slowly through the precipitating 
tank to the gravel filter, thence through the V-notch 
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meter to a boiler feed storage tank having a capacity 
of 20,000 gal. Introduction of the chemicals is accom- 
plished automatically but the proportioning mechanism 
is set according to needs shown by testing samples taken 
from the blowoff pipe every 4 hr. 

Feed water is heated by exhaust steam from the 
auxiliaries all of which are turbine driven with the ex- 
ception of the stoker drives. The exciter units for the 
main generators consist of a direct current generator 
mounted on the same shaft and between a motor and a 
turbine and the load is automatically shifted from one 
to the other in order to maintain feed water tempera- 
ture at about 210 deg. F. yet not waste steam through 
the exhaust. 

At the present time, two 750 g.p.m. turbine driven 
centrifugal boiler feed pumps are installed with space 
provided for additional units as required. These nor- 
mally draw the hot, treated water from the 20,000-gal. 
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with an Orsat apparatus permanently piped to various 
passes in the boiler. An electrical pyrometer is installed 
for indicating flue gas temperature and temperature 
within the furnace. Over the firing aisle, visible the en- 
tire length of the boiler room is a signal board giving 
in figures the load being carried by the station. 
Adjacent to the feed water tank is a miscellaneous 
instrument board upon which are mounted a two-pin 
recording thermometer for recording the inlet and out- 
let temperature of the boiler feed water in the heater, 
a thermometer for recording the temperature of the 
steam in the main steam header, a gage for recording 
the pressure in the main steam header, a gage for re- 
cording the pressure in the exhaust steam header, an in- 
dicating gage for showing the level of the water in the 
water storage tanks in the penthouse, a gage showing 
the level of the water in the boiler feed tank, and visible 
and audible alarms to indicate low water level in the 
































Fig. 9. 
CONDENSING WATER SCREENS. 


boiler feed storage tank but are also piped for handling 
the cold, raw service water in case of necessity. De- 
livery from these pumps is to the main boiler feed 
header which is run in the boiler room basement. From 
this header, two 4-in. feed lines are run to each boiler, 
one to each end of the boiler drum, and terminate in 
a feed water regulator. In each of these feed lines is a 
feed water meter of the Venturi type with recording 
mechanism on the instrument board. This system of 
piping is duplicated by piping which runs over the 
boilers and the entire feed water piping system is ar- 
ranged with cross-overs and bypasses so that the failure 
of any section of piping or equipment will not seriously 
handicap the operation of the plant. 

Instruments used in the operation of the boilers are 
mounted on an instrument board located about 6 ft. 
in front of the boiler to which the instruments are 
attached. On this board are the indicating and re- 
cording mechanisms for the Venturi feed water meters, 
recording steam temperature thermometer, two indi- 
cating steam gages, one on each end of the boiler drum, 
a wind box recording pressure gage, a three-in-one draft 
gage for indicating draft at the uptake, over the fire 
and in the wind box, and the controllers for the stoker 
and clinker grinder motors. Each boiler is also equipped 


AIR EJECTOR CONDENSERS SERVING ONE OF THE MAIN TURBINES. FIG. 10. HOUSE CONTAINING 
FIG. 11. SCREENS FOR REMOVING TRASH FROM CONDENSING WATER. 


roof tanks. At the feed pumps is a two-pen recording 
pressure gage for recording the suction and discharge 
pressure for these pumps. 


Steam PIPING 


EACH BOILER delivers steam through two 6-in. leads 
to a Y fitting where, when the plant is completed, steam 
from the two boilers on opposite sides of the firing aisle 
will meet and sweep through long bends to the main 
steam header located above the boiler room floor on the 
side near the turbine room. An automatic stop and 
check valve is located in each main steam lead from the 
boiler and a gate valve is placed at the Y, then at the 
header is placed a motor operated valve. 

The main steam header is sectionalized by motor oper- 
ated valves for the purpose of making repairs. Expan- 
sion‘ in the header is provided for by expansion bends 
located between each two boilers, and in all other pipes 
similar provisions are made. Connection to the main 
turbines is made by long vertical bends beneath the 
floors of the boiler and turbine rooms and up to the 
turbine inlets. : 

The auxiliary header is a complete loop located in 
the basement below the boiler room floor in the rear of 
the boilers and connected to the main header at both 
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ends so that steam can be supplied to the auxiliaries 
while any section of the header is being repaired. When 
the plant is completed the auxiliary header will be con- 
nected to the main header in the rear of every fourth 
boiler. 

Motor operated valves in all connections to the header 
and the sectionalizing valves in the header can all be 
opened or closed from the turbine room instrument board 
or a point in front of the boilers by means of push but- 
ton controls. All valves in the main and auxiliary head- 
ers are provided “with bypass and all valves and fittings 
in the high pressure piping are of cast steel. Vanstone 
type flanges are used on all high pressure piping above 
4-in. and below that size welded steel flanges are used. 


TURBINE RooM EQUIPMENT 


WHEN THE plant is finally completed it will contain 
five turbo-generators placed with their shafts parallel 
with the side walls of the room. By this arrangement, 
the room becomes comparatively narrow and with the 
boiler room as planned the two rooms will have the same 
length. For the convenience of the attendants, the turbo- 
generators are arranged in pairs of one right and one 
left, the units now installed having the turbine ends 
together, thus one attendant stationed between the two 
turbines has the entire control mechanism for the two 
units conveniently located. 

The main generating equipment at the present time 
consists of two 20,000-kw. 3-phase, 60-cycle, 11,000-v. 
turbo-generating units with jet condensers. These tur- 
bines are of the double flow type with the cylinder parts 
that receive high pressure steam made of cast steel and 
the low pressure or exhaust ends are made of cast iron. 
The turbines are designed to operate on 275 lb. steam 
pressure with 180 deg. F’. superheat and 29 in. vacuum. 


After a careful study was made of probable load 
factor of the station, the turbines were nozzled with 
their most efficient point at 16,000 kw. on the primary 
valve and 20,000 kw. on primary and secondary valves. 
To take care of emergencies and improved power factor 
conditions on the transmission system, the steam ends of 
these turbo-generating units are arranged by means of a 
supplementary valve to carry a load of 25,000 kw. with 
100 per cent power factor on generator. 


The turbines operate at 1800 r.p.m. and are equipped 
with speed changer motors and governor so that the 
turbines may be paralleled from the switchboard and 
division of load made between the units by the switch- 
board operator. The turbines are equipped with auto- 
matic overspeed devices that will operate in case of 
overspeed of units and can also be manually operated 
at any time. 

Generators of these units are direct connected to the 
turbine rotor by means of a flexible coupling, the tur- 
bine rotor and generator rotor being supported by four 
bearings. The generator rotors are constructed with 
ventilating fans on each end of the rotor which draw 
air through air ducts from the outside of the building 
and through air washers forcing it through the genera- 
tor for cooling purposes. The warm air discharge from 
the generator is carried in concrete ducts to forced 
draft fans which deliver air to the stokers under the 
boilers. Embedded in the generator windings are 
thermo-couples which have leads to instruments on the 
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operating board and give an indication of the internal 
temperature condition of the machine. 

Lubrication for turbine units is supplied by a system 
in which the oil is filtered and cooled on each cycle 
through the turbine generator bearings. 

Field excitation for the main generators is furnished 
by two 200-kw. duplex exciter sets located on the mezza- 
nine floor in the turbine room basement. Each unit con- 
sists of three elements mounted on one shaft and run at 
1200 r.p.m.; these are a non-condensing, 300-hp. turbine, 
a 200-kw. 250-v. d.c. generator and a 375-hp. 440-v. 
3-phase induction motor. The driving element not in 
use floats on the shaft and the load is shifted from one 
to the other according to the demand for exhaust steam 
for heating the feed water. 

Water available for condensing purposes contains 
considerable free acid and is of such poor quality that 
if used with a surface condenser the tubes would corrode 
rapidly and replacements would be high. Jet condensers 
will effectively withstand the corrosive action of this 
water and were therefore chosen for this plant, the initial 
installation consisting of two twin jet condensers. Each 
half of each condenser circulates 14,000 g.p.m. or the 
condenser for each turbine circulates 28,000 g.p.m. The 
water from each condenser is removed by two centrif- 
ugal pumps of the double impeller type each driven 
by a steam turbine through reduction gears. 
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With relatively light loads on the turbine and with 
cold circulating water only one-half of the twin con- 
denser need be operated. The one condenser would give 
a good operative vacuum under such conditions and 
quite a large saving in horsepower would result in shut- 
ting down one condenser. The twin outfit is a reliable 
arrangement since if anything happens to one condenser 
a reasonable vacuum could be maintained with the other 
one while making the necessary repairs. 

In order that two condensers operating in parallel 
may function properly, it is necessary that the steam 
condensed by the two condensers be divided as nearly 
equally as possible. In order to accomplish this three con- 
nections were made between the two condensers. There 
must be large steam equalizing connection which will 
allow steam to flow from one condenser to the other de- 
pending on whichever condenser is doing the least work. 
It is necessary to equalize the air pressure in the two 
condensers so that each air pump will divide the work. 
equally. In order that both condensers will handle the 
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same quantity of water, there is a water equalizing con- 
nection placed between the two pump bodies. This main- 
tains the same water level on the suction side of the 
runners for both pumps and they, therefore, will handle 
approximately equal amounts of water. 

Zach twin condenser is equipped with seven two- 
stage steam jet air ejectors, any one of which may be 
operated independently as the load and vacuum condi- 
tions demand. Only five of these ejectors will be re- 
quired to maintain 28.5 in. vacuum with full load on the 
turbine so the remaining two ejectors are for spares and 
can be put into service when it is necessary to repair any 
of the other ejectors. The ejectors are supplied with 
steam at normal boiler pressure and discharge into a 
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FIG. 13. ELECTRICAL CONTROL ROOM, HIGH TENSION TRANS- 
MISSION CONTROL PANELS AT LEFT, BENCH BOARD 
AT RIGHT 
SWITCHBOARD FOR CONTROL OF STATION CIRCUITS 
OUTDOOR HIGH TENSION SWITCH YARD 
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condensing tank where the steam used by the ejectors is 
condensed by the water used for cooling the transform- 
ers in the station and water used in the oil coolers for 
the turbines. This air handling system is thermally 
very efficient as all of the heat units which are not used 
in actually removing the air from the condensers are 
returned to the boiler in the feed water. 

These condensers are started by means of forced in- 
jection. Spray pipes are installed in the connecting 
pieces between the turbines and condensers and water is 
piped to these from the station service piping. 

The size air ejectors required to remove the air is 
dependent upon the volume of air to be handled and in 
order to keep this to a minimum, the air is cooled as 
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much as possible before entering the ejector. This is 
accomplished by placing an air cooler between the con- 
denser and the ejector inlet and in passing through the 
air cooler the air is drawn through a spray of water 
taken from the main injection water piping and its tem- 
perature is therefore reduced to the temperature of the 
coldest water available. This keeps the proper size of 
the ejectors to a minimum. 

A 36-in. atmospheric relief opening is provided in 
the equalizer connection between each pair of condensers 
properly to protect the turbine and condensers should, 
for any reason, the condenser pumps stop or the injec- 
tion water be shut off and the vacuum be lost. 

The location of the condensers is directly beneath the 
turbines, to the exhaust openings of which they are con- 
nected by means of rubber expansion joints, and imme- 
diately above the condensing water inlet and outlet tun- 
nels to which connections are made by short runs of 
cast-iron pipe extending through stuffing boxes in the 
roof of the tunnels. 
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Cooling water for the condensers, as previously 
stated, comes from the Conemaugh River, a distance of 
about 100 ft. from the north wall of the building. It 
first passes through a screen house in which at present 
are installed two 12-ft. motor-driven traveling screens 
the wells of which are fitted with the usual bar screens, 
stop logs and screen washers. Either of these screens 
may be cut out of service without interfering with the 
operation of the other as the well is divided into com- 
partments. The screens have a capacity only sufficient 
for the present equipment so additional screens will have 
to be added as the plant is enlarged. 

A crib dam is built just below the screen house which 
is high enough to flood the intake conduit in the tur- 
bine room basement. The intake conduit is 8 ft. by 10 ft. 
and the discharge 10 ft. by 10 ft.; the latter at present 
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conducts the water to an open canal which empties to the 
river just below the dam but when the plant is increased 
to twice the present size the discharge will be led to a 
point about 2000 ft. below the present dam. At this 
point a permanent dam will be constructed high enough 
to back the water up to the intake conduits and by means 
of gates the discharge water may be diverted above or 
below the dam thus giving an opportunity to recirculate 
the water through the condensers during cold weather 
when ice is likely to be formed. 

Mounted on individual boards, set flush with the wall 
separating the boiler and turbine rooms and adjacent 
to the throttle valve of each turbine, are the instruments 
used in connection with each 20,000-kw. unit. These in- 
struments consist of indicating and recording steam pres- 
sure gages for the turbines, a two-pen recording ther- 
mometer for the condenser injection water inlet and out- 
let, indicating gages for bearing and governor oil pres- 
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busses are sectionalized so that each generator may be 
operated separately or in synchronism with others in the 
plant, also the busses may be tied together or operated 
separately thus giving a flexibility which insures con- 
tinuous operation. 

To these busses are connected the principal trans- 
formers which are located in the basement of the electri- 
eal bay. These, in the intial installation, consist of two 
10,000-kv.a. 3-phase, 11,000 to 22,000-v., two 15,000-kv.a. 
3-phase, 11,000 to 66,000-v., and two 1200-kv.a., 3-phase, 
11,000 to 440-v. transformers, the latter being used for 
station power purposes and all of the oil insulated water 

‘eooled type. 

The step-up transformers are located in separate com- 
partments and arranged on trucks that roll on tracks 
through rolling metal doors to the basement of the tur- 
vine room where they can be picked up by the turbine 
room crane. Water which has been used for cooling 





FIG. 17. CROSS-COUNTRY VIEW OF TRANSMISSION LINE 


sure, an indicating, integrating and recording steam 
flow meter, a steam temperature recorder, vacuum re- 
eorder, mercury column vacuum indicator, barometer, 
and indicating wattmeter, showing the total load on the 
generator. Equipment for signaling between the tur- 
bine room and the switchboard is also installed on this 
board. 

On another board adjacent to the main instrument 
board are the control apparatus for the motor operated 
valves in the main steam header and connections, level 
indicators for the lubricating oil head tanks and level 
indicator for the water in the intake tunnel. 


ELECTRICAL EQUIPMENT 


IN GENERAL, the scheme of the electrical connections 
of the power plant equipment is shown by the single 
line diagram in Fig. 12. Here it will be noted that the 
20,000-kw. generators connect to 11,000-v. main and 
transfer busses through oil circuit breakers. These 





purposes drains to submerged tanks in the turbine room 
basement and is then used as condensing water for the 
exhaust steam from the air ejector of the condensers, 
and finally goes to the feed-water heaters. Thermo- 
couples in the windings of the transformers connect with 
indicating instruments on the switchboard that show the 
temperature at which the transformers are operating. 
Suitable piping is provided between transformer oil 
tanks, located in the electrical bay, and the transformers 
and oil filters thus providing means by which the oil 
can be filtered frequently. 

Secondaries of the station power transformers connect 
to the station auxiliary bus from which distribution is 
made to the various electrical power using equipment 
about the plant. The high-tension sides of the 11,000 
to 22,000-v. transformers cennect through oil switches 
to a main and a transfer bus located in the electrical 
bay thence to the transmission line. The 66,000-v. cir- 
cuit has the same arrangement but the busses and 
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switches are located outdoors, steel frame work support- 
ing the busses through strain insulators. On each of 
the transmission lines is a lightning arrester which pro- 
tects the station equipment from surges due to lightning. 

Primary control of the 440-v. circuits is taken care 
of by a switchboard on the first floor of the electrical 


bay; also all circuits of lower voltage, including the | 


250-v. direct current for excitation of the main genera- 
tors, radiate from a switchboard in this same room. 
Switches for the control of the higher voltage circuits 
are of the remote control type operated by direct cur- 


rent from a motor-generator and storage battery equip-_ 


ment. The main switchboard controls all electrical oper- 
ation and consists of a control desk, instrument panels, 
outgoing feeder panels and battery panels. Each gen- 
erator, transformer and outgoing transmission line is 
controlled from a separate panel. 

The company maintains its own private telephone 
system connecting all generating and sub-stations, and at 
the Seward plant an intercommunicating system is in- 
stalled by means of which messages can be sent from and 
to the various part of the plant. This equipment was 
designed and built especially for this plant and the 
service rendered. 


TRANSMISSION LINES 


TYING IN with the entire system of the company re- 
quired the provision of 22,000-v. transmission lines but 
the plans of the company to furnish power into Clearfield 
and Somerset counties made the selection of a 66,000-v. 
line advisable as the distance to the new substation at 
This new 66,000-v. trunk line con- 


Glory is about 19 mi. 


POWER PLANT 
ENGINEERING 


October 1, 1921 


sists of galvanized steel towers carrying two circuits, 
the towers being of two types, angle and suspension. 
These towers support the following 10 wires: two 3-in. 
galvanized steel strand for overhead ground wires for 
lightning protection, six 00 hard-drawn stranded copper 
conductors for the two 3-phase, 60-cycle power circuits 
and two 9/32-in. galvanized steel strand conductors for 
private telephone circuit. 

The Glory substation building is a structure of con- 
erete, brick and steel, housing the control switchboard 
and auxiliary devices. The transformers, electrolytic 
lightning arresters and high voltage circuit breakers are 
all located outdoors, the high voltage busses being sus- 
pended from a steel overhead structure. 

The main step-down transformers consist of four 
2500-kv.a., single-phase, oil-insulated, self-cooled units 
of the radiator type. Three of these transformers are 
normally in service, the fourth being held as a reserve. 
The transformers are mounted on wheels and by means of 
transfer trucks can be quickly removed from the outdoor 
switch yard for repair or shipment. The secondary side 
of the transformers delivers 22,000 v. to the low-voltage 
busses, from which the feeders distribute the power to 
various points in Indiana and Clearfield counties. The 
transformers are provided with auxiliary expansion 
tanks. 

Credit for the engineering and construction work of 
this development is due to Dwight P. Robinson & Co., 
of New York, working on preliminary engineering in- 
vestigation carried on by H. D. Walbridge & Co., and in 
conjunction with the construction department of the 
Penn Public Service Corp. 


DETAILS OF EQUIPMENT—SEWARD POWER PLANT 


Number 

Installed Mechanical Equipment 

Coal elevators 

capacity of 60. cu. ft. 

Coal crusher 30 in. single roll—30 in. wide 

Coal conveyor 

Boilers 

high; 275 Ib. pressure 

Superheaters Foster; 180 deg. superheat 

Stokers 

Clinker grinder 

Soot blowers 

Stoker drive 

Clinker grinder drive 

Forced draft fans 

Forced draft turbines 

Stack 

Boiler feed pumps 

Boiler feed turbines 

Feed water treating sys- 
tems 

Boiler feed meters (indi- 
vidual boilers) 

Feed water meter (total 
boiler feed) 

Feed water tanks 
(storage) 

Ash grates 

Fan controls 

Boiler damper regulators 
(main damper) 

Boiler stoker dampers 

Draft gages 

Feed pump governors 

Boiler feed controllers 

Indicating and recording 
steam flow meters 

Foreed draft ducts and 
breeching 

Main steam, auxiliary 
steam, exhaust steam, 
water’ and miscellane- 
ous piping 

Traveling creo 


Taylor; double roll 


375 hp., geared 

750 g.p.m., 4-stage, centrifugal 
225 hp., geared 

Venturi, 4 in. (2 per boiler) 


*V?? notch 


et for) NnwoNwrKHNNwWOQWwWWwWWww oe 


Operated by steam pressure 
Operated by steam pressure 


ons 


Operated by furnace pressure 
3-in-one 

Stetts 

Stetts (two per boiler) 

One 14-in. for each turbine 


NWANWWaA 


Sheet metal 


on high pressure steam 


Type—Capacity—Size—Service 
Semi-automatic balanced skip hoist, each skip bucket having a C. W. Hunt Co. 
Total capacity, 100 tons per hour 
24 in. belt with automatic traveling tripper 
Cross drum, 16,000 sq. ft. surface; 39 tubes wide; 18 tubes 
Taylor underfeed; 13 retort, extra long 
Mechanical steam, 20 units per boiler 
25-hp., 250-v. d.c. variable speed motors 
74%4-hp., 250-v. d.c. variable speed motors 
250,000 cu. ft. per min. at 6-in. pressure 


Self-supporting steel, brick lined, 18 ft. diam., 300 ft. above grates 


Cochrane hot progress, twin units, 60,000 gal. per hour 


40,000 gal. tofal exclusive of treating tanks 
5 ft. by 5 ft. air operated—3 per boiler 


Vanstone joint over 4 in. diam. Welded flange under 4 in. diam. 


50°tons main hoist, 10 tons auxiliary hoist 


Manufacturer 


Jeffrey Mfg. Co. 
Robins Conveying Belt Co. 
Babcock & Wilcox Co. 


Power Specialty Co. 

American Engineering Co. 
American Engineering Co. 
Vulcan Soot Cleaner Co. 
Westinghouse Elec. & Mfg. Co. 
Westinghouse Elec. & Mfg. Co. 
B. F. Sturtevant Co. 
Westinghouse Elec. & Mfg. Co. 
American Bridge Co. 

A. S. Cameron Steam Pump Wks. 
Westinghouse Elec. & Mfg. Co. 
H. 8. B. W.-Cochrane Corp. 


Simplex Valve & Meter Co. 
H. 8. B. W.-Cochrane Corp. 
Petroleum Iron Works Co 


Baker-Dunbar-Allen Co. 
The Hagan Corporation 
The Hagan Corporation 


The Hagan Corporation 
Precision Instrument Co. 
Williams Gauge Co. 
Williams Gauge Co. 
Republic Flow Meters Co. 


Walsh’s Holyoke Steam Boiler Wks. 


Pittsburgh Valve, Foundry & Con- 
struction Co. 

Crane Company 

Power Piping Co. 

Niles-Bement-Pond Co. 
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Number 
Installed Mechanical Equipment 


2 Intake screens 2 units, each 12 by 25 ft. 
2 Turbines 20,000-kw. at 80 per cent P.F. 
2 Condensers 
lating water 
2 Condenser drives 225-hp., geared 
3 House service pumps 
1: Turbine oil filter Centrifugal type 
Valves Cast steel, semi-steel, cast iron, all bronze 
2 Exciter turbines 200-kw. 
Pipe covering 85 per cent magnesia 
3 Flue gas equipment Orsat, one per boiler 
2 Generators 20,000-kw. at 80 per cent P.F.—11,000 v. 
2 Exciters 200-kw., 250 v. 
2 Exciter motors 300-hp., 3-phase, 60-cyele, 440-v. 
2 Exciter motor controls 
3 11,000/22,000 volt trans- 10,000-kv.a., 3-phase, O.I.W.C. indoor type 
formers 
3 11,000/66,000 volt trans- 15,000-kv.a., 3-phase, O.I.W.C. indoor type 
formers 
11,000/440 volt trans- 1200-kv.a., 3-phase, O.I.W.C. indoor type. 
formers 
11,000 volt circuit 15,000-v., H. 9 
breakers 
22,000 volt circuit 37,000-v., K. 36—C 
breakers 
66,000 volt circuit 73,000-v., K.0. 36—C 
breakers 
3 22,000 volt arresters Oxide film 
3 66,000 volt arresters Electrolytic 
1 Main switchboard Bench board type, d.c. control 
1 Auxiliary switchboard for 440-v. power, 220-110-v. lighting and 250-v. d.c. exciters 
station light and power 
a Storage battery E-11-62 cell 
1 Battery charging M. G. 15-kw., 125-v. generator, 25-hp., 440-v., 3-phase motor 
sets 
66,000 volt disconnecting 70,000-v., 300-amp. special 
switches 


1 Private telephone sw’bd 13 circuit, 2 position 
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Manufacturer 
Link Belt Co. 
Westinghouse Elec. & Mfg. Co. 


Twin jet, capacity 240,000 Ib. of steam and 28,000 g.p.m. circu- Westinghouse Elec. & Mfg. Co. 


Westinghouse Elec. & Mfg. Co. 


Two 350 g.p.m. motor driven and one 750 g.p.m. turbine driven A. 8. Cameron Steam Pump Wks. 


Buffalo Steam Pump Co. 

De Laval Steam Turbine Co. 

Pittsburgh Valve, Foundry & Con- 
struction Co. 

Edward Valve & Mfg. Co. 

Fairbanks Co. 

Atwood & Morrill 

Terry Steam Turbine Co. 

Keasbey & Mattison Co. 

Precision Instrument Co. 

Westinghouse Elec. & Mfg. Co. 

General Electric Co. 

General Electric Co. 

General Electric Co. 

General Electric Co. 


General Electric Co. 
Westinghouse Elec. & Mfg. Co. 
General Electric Co. 
General Electric Co. 
General Electric Co. 
General Electric Co. 
General Electric Co. 
General Electric Co. 


General Electric Co. 


Electric Storage Battery Co. 
Westinghouse Elec. & Mfg. Co. 


Electrical Engineers Equipment Co, 
Western Electric Co. 


66,000-VoLT TRANSMISSION 


Steel towers 


Insulators 6 units on suspension, 7 units on strains 
Conductors 2/0 hard drawn strand 
Hardware Galvanized iron 


Telephone conductors 
Ground wires 


Suspension and angle galvanized steel 


9/32 Galvanized Siemans-Martin Strand 
3/8 Galvanized Siemans-Martin Strand 


American Bridge Co. 

Ohio Brass Co. 

Standard Underground Cable Co. 
Ohio Brass. Co. 

Western Electric Co. 


Gtory Sus-STaTION 


4 Transformers 


66,000 volt oil switches  73,000-v., 400 amp.—G—11 
22,000 volt oil switches  25,000-v., 300 amp.—E—7 
66,000 volt disconnecting Burke, 300 amp. 


switches 
22,000 volt disconnecting 400 amp. Type P 
switches 
3 Lightning arresters Electrolytic 
1 Storage battery E-7-60 cell 


2500-kv.a. single-phase O.1.S.C. radiator type connected ‘‘delta’’- Westinghouse Elec. & Mfg. Co. 
‘“star,’’? 66,000 v. to 22,000 v. 


Westinghouse Elec. & Mfg. Co. 
Westinghouse Elec. & Mfg. Co. 
Railway & Industrial Eng. Co. 


Westinghouse Elec. & Mfg. Co. 


Westinghouse Elec. & Mfg. Co. 
Electric Storage Battery Co. 


Speed Regulation of Hydraulic Turbines---! 


PRINCIPLES AND MEeTHops OF CALCULATION INVOLVED IN THE DESIGN 
or Hypravutic TurBINE GovERNoRS. By JoHN S. CARPENTER* 


HERE IS A lamentable lack of literature in direct 

and practically useful form on the subject of gov- 

erning hydraulic turbines. Previous treatments of 
the subject are either of the abstruse mathematical type 
ill adapted to the use of the practical designing or con- 
sulting engineer or they were based on empirical for- 
mulas obtained from special and not general cases. Very 
few treated the subject from the practical side, and most 
left something to be desired. This present article deals 
with the entire problem in a wide range of plants, in fact 
anything without a surge tank, as surge tank proposi- 
tions require expert attention. The full calculations are 


*Asst. Hydraulic Engineer, Worthington Pump & Machinery Corp. 


given for plants included in the scope of this article and 
no mathematical flights above the plane of schoolboy 
algebra have been attempted. The marked simplicity of 
the treatment of the many interlocking phenomena as 
given in this paper as compared to the usual abundance 
of integrals, is no indication that the formulas herein 
given are too approximate to be of use for close design- 
ing. In fact, their sufficiency has been often demon- 
strated, in the design of governing details of a certain 
plant which some of our leading builders refused to bid 
on because of the difficult governing conditions to be met. 

A proper appreciation of the subject is of great im- 
portance to the consulting or designing engineer, while 








the operating engineer will get a sufficient grasp on the 
why and wherefore of the governing problem to enable 
him to understand better the functioning principles of 
his governing apparatus. 

There are two general cases in the problem of govern- 
ing hydraulic turbines: first, those of the open flume type 
wherein the conduits carrying the water do not fully en- 
close and confine it; second, those of the pipeline or pen- 
stock type, wherein the water is confined within the en- 
tire perimeter of the enclosing conduit. These two types 
have been much bred and crossbred, so that sometimes 
one is doubtful as to how a given plant should be 
classified. 

Factors or physical conditions tending to favor close 
speed regulation are as follows: short steep pipelines 
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LOAD, SPEED, AND VELOCITY DIAGRAM FOR OPEN FLUME 


with low velocities of flow; so that the water can be 
quickly accelerated or retarded without undue pressure 
variations; the presence of heavy rotating masses to 
absorb or give out power that would otherwise tend to 
produce great speed variations; sufficient power in the 
governor servo-motor so that the gates can be quickly 
moved to the proper new position; in order that the ro- 
tating masses may not have too much time for accelerat- 
ing or slowing down. The foregoing are the principal 
considerations. There are others, for instance, the proper 
amount of damping for the movements of the pilot valve 
of the governor; which are properly matters of governor 
design. 


REGULATION OF THE OPEN FLUME TURBINE 


Let us Now take up the case of the open flume tur- 
bine, the simpler one; which will later be modified so as 
to take care of the influence of the pipeline on the regu- 
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lation. Assume that the entire load has been thrown off 
the turbine-driven generator. We may show this change 
in an elementary way by the diagram of power, speed 
and flume velocity, Fig. 1. During the time, t, taken by 
the governor to close the gates of the unit, the surplus 
power produced in this interval will accelerate the rotat- 
ing masses, such as the generator rotor, etc., to some new 
and higher speed at which the surplus energy will have 
been absorbed. Here the change in load has been shown 
as being directly proportional to the closing time, which 
assumption is very nearly true, since speed diagrams 
taken from units in operation show a speed variation 
curve that is very nearly a straight line. For simplicity’s 
sake the fact is disregarded that some power and water 
is required to keep the unit up to running speed on 
account of the mechanical friction, ete., and the full out- 
put shown as the amount of rejection. We find from 
Fig. 1 that the total surplus energy produced during the 
closing time, t, is: 
N,—N, 
EK = ———t X 550 ft. Ib.................00.. (1) 
2 

As shown on the speed diagram in Fig. 1, this surplus 
energy will accelerate the rotating masses to a new speed 
n,, 0, being the normal r.p.m. The capacity of the rotat- 
ting masses to absorb this additional kinetic energy by 
reason of a change in velocity from V, to V, ft. per sec. 


is given by 
1 W 

tee bee fe ee See ee (2) 
2 


While here only the case of a load rejection is considered, 
retardation and acceleration are identical, except as to 
sign, in the case of the rotating masses. This is not 
strictly true when the acceleration of the water column is 
being considered, for in that case, the ability of the water 
to accelerate depends on the slope of the flume; this will 
be explained later. 
For the purposes of our problem, equation (2) can be 

better expressed as 

1 WR? 
es 

2 g 60° 
in which n, and n, are the initial and subsequent r.p.m., 
and the factor WR? means the sum of the weights of the 
rotating. masses multiplied by the square of their radius 
of gyration. Equation (3) reduced to its lowest term is 

WR? (n,? ie n,’) 
KE = er Terre Tere (3a) 

5880 

and this must be equated to (1), 

(N, —N,) t X 550 WR? (n,? —n,?) 
EK = = ft. Ib..... (4) 

2 5880 
For a full load change, the condition which controls the 
problem, N, will be assumed as zero, since no power is 
being developed. In that case we can substitute N, for 
N,—N,. Out of these quantities we can eliminate 
(n,?—Dn,?) and find the speed change. This, in some- 
what awkward form, is 
N,t X 1,617,000 


n,” —n,? = 


< 





x 2? X 3.1416? (n,2—n,2) ft. Ib.... (3) 











WR? 
Now (n,?—n,”) can be replaced by another term more 
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convenient. n,n, (1+ d) where d is the speed varia- 
tion expressed as a decimal. 
n,?—=n,?(1+d)?=n,?(1+2d+d?)—=n,?+2n,?d+d’n,? 
As d itself is small, its square is smaller absolutely and 
relatively, and only a negligible error will be involved by 
discarding the square. Further reduction gives 
n,” —n,? =n,” + 2n,?d —n,? = 2n,’d 
We now can find the speed variation d in per cent: 
N, t X 1,617,000 x 100 N, t X 80,850,000 
d — = 
2n,? WR? WR? n,? 
It should be carefully noted that the speed variation, d, 
of the turbine and generator masses should never exceed 
the degree of speed variation of the governor flyballs, 
since unstable conditions would follow. From the same 
formula we can get the maximum permissible closing 
time, t, in order to keep within the specified speed range ; 
also the necessary flywheel effect in WR?, pounds feet 
squared, as it is given by the generator builders: 
WR? n,? 4 








N, X 80,850,000 
N, t X 80,850,000 
WR? = 





nd 

For open flume turbines it is usual to take t as one 
second; however, when the flume is almost level and the 
velocities of flow are high there is difficulty in accelerat- 
ing the water in severe “‘load on”’ cases, as before men- 
tioned. In such conditions, the time, t, must be so chosen 
that the acceleration in feet per second does not exceed 
32.2, the gravity constant, multiplied by the sine of the 
average slope of the flume. In equation (6a) the factor 
WR?*n?/N is a criterion of the quality of regulation to 
be obtained under the assumptions made. Therefore 
C = WR?n?/N 
is a-measure of the total flywheel effect per unit horse- 
power of the turbine and generator. The table shows 
the speed variations to be expected with plants having 
the specified values of C: 


SPEED VARIATIONS WITH SPECIFIED VALUES OF C 





Values of C Speed variations in per cent for 1 second closing time 





25 per cent 
load off 


50 per cent 
load off 


in millions 100 per cent 


load off 
27 16.2 9.5 4.1 
20.2 12.2 7.1 3.1 
16.2 9.7 5.7 2.5 
13.5 8.1 4.7 2.0 
11.6 7.0 4.0 1.7 
10.1 6.0 3.6 1.5 
9.0 5.4 3.2 1.4 

8.1 4.9 2.8 1.2 


75 per cent 
load off 















































For other lengths of closing time, the speed variations 
are directly proportional to the time, corrected for de- 
creasing wheel efficiency. 

When the plant is so arranged that the water is 
brought partly by open flume and partly through a 
closed pipe, the problem should be treated by solving the 
formulas for a condition considering the penstock and 
draft tube as an equivalent pipeline, in addition to the 
flume phase. 


REGULATION OF TURBINES WITH PIPELINES 
IF WE HAVE a body of water of mass, m, moving at a 
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velocity, v, the kinetic energy to be destroyed in arrest- 
ing its movement is 

1 
K =— mv’ ft. lb 

2 
whether the time of destruction is one second or a week. 
If the mass be brought to rest with a uniform retarda- 
tion in the time, t, the distance through which the arrest- 
ing force will have to be exerted is 


This involves a force or pressure F'; the work so done 

being 

1 
EK =—-vtF ft. lb 

2 
The work of retardation must obviously be equal to the 
kinetic energy of the mass to be arrested in movement, 
that is 

1 1 
E =— vtF = — mv’ ft. lb 

2 2 
from which F is 

Y% mv? 
Fo lb. per sq. in 
Y, vt 
if a section of one square inch is considered. This is 
the average during the time t. If the pressure is assumed 
to rise uniformly, the maximum will be twice the aver- 
age, or 2F, then 

2 mv 
F== lb. per sq. in 
t ‘ 

For reasons of safety in such a large investment as a 
pipeline, it is imperative to use equation (13). The form 
of (13) is inconvenient, so let it be changed as follows: 
Let us take a column of water, 1 sq. in. in eross section 
and L feet long, the length of the pipeline. Taking the 
weight as 0.0361 lb. per cu. in., its mass is 

0.0361 « 12 L 


Mm = 





Inserting this in (13), we get 
2 X 0.0361 « 12 Lv 
F = 





lb. per sq. in 
gt 
Changing lb. per sq. in. to feet head, we have 
2 X 0.0361 X12 2.31 Lv 2Lyv 
b= = feet head. . (16) 
gt gt 
This is the form deduced by Professor Joukovsky 
from a long series of tests on water hammer. 
Solving (16) for the closing time t, or the time in 
which the water column is brought to rest, we get 
2 Lv 
¢ a 





SU, Oeesbenaneeeneasebencamaseede ees (16a) 

gh 
Where h is the pressure rise in feet head. I am aware 
that recent experiments show that (16) is not quite cor- 
rect for the lower heads; however, it is on these heads 
that pipelines are rarely used. The formula given as 
correct for the lower heads is quite unwieldy as com- 
pared with (16). To consider the pipeline influence on 








POWER PLANT 
950 ENGINEERING 


speed regulations, we must insert t, (16a) into the equa- 
tion (6b) as follows: 
N,2 Lv 80,850,000 
WR? = ———————_ ....... eee eee eee (17) 
. ghn,’d 
Where N, is the full load rejected; L the pipeline 
length in feet; v, the velocity thereby destroyed; g, the 
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gravity constant, 32.2; n the normal speed in r.p.m., and 
d the speed variation in per cent. Reducing, we get 
N, Lv X 5,000,000 
WR? = ——— ........ . . cc eee eee (18) 
hn,?d 
Practical examples typical of modern practice will be 
solved in another article with the foregoing formulas. 





Recent Foreign Developments in Water Treatment 


METHODS FOR PREVENTING INCRUSTATIONS IN 
BoILeRS AND CONDENSERS. By J. H. BLAKEY 


UMEROUS PROCESSES have been devised in 
recent years for the treatment of the feed water 
for steam boilers, by the precipitation of the salts 

contained in suspension, by means of the addition, in 
suitable quantities, of some reagent. The process of Le 
Societe de Condensation et d’Applications Mecanique, 
the Scam-Balcke so called ‘‘vaccination’’ methods, was 






































FIG. 1. VERTICAL SECTION OF A KESTNER ‘‘DEGASER”’ 


described in Le Genie Civil of Feb. 12 last. This process, 
however, is used only for the purification of the cooling 
water for surface condensers. The distillation of feed 
water has been tried, with the result that although in- 
erustations stopped entirely, the corrosion of the boilers 
was very seriously increased. Mons. Gaston Paris, the 
engineer of the Paul Kestner Establishments, in an 
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FIG. 2. CURVE OF THE FALL OF VACUUM DURING A PERIOD 
OF SIX MONTHS 


article in Chimie et Industrie for May, 1920, has shown 
that this rusting was due to the presence of free oxygen 
in the water, which becoming disengaged in the boilers, 
and attacking tle iron in the presence of water, produced 


rust. The mechanism of this corrosion has been sought 


in various theories: mechanical, electrolytic and chem- 


ical, none of which however appear to be satisfactory. 
Whatever the correct theory may be, it is certain that 

when the cause is removed the result will be remedied, 

and for this reason M. Paris has devised an apparatus 
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FIG. 3. SHOWING ADDITIONAL STEAM CONSUMPTION WITH 
DECREASE IN VACUUM IN THE CASE OF HIGH 
AND LOW PRESSURE TURBINES 


which he ealls a ‘‘ degaser,’’ and which is shown in Fig. 1. 
This consists of a vessel of the shape shown, the interior 
of which is filled with closely packed iron turnings F, 
into which the water percolates through a coarse filter of 
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FIG. 4. DIAGRAM OF COOLING WATER FOR SURFACE CON- 
DENSATION HEATED BY VACCINATION 


silicious gravel S, held in place by perforated plates T. 
The current of water passing through the apparatus is 
reversed daily by means of the valves V. Then the 
oxygen of the water combines with the iron and produces 
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rust. The reversal of the current produces the following 
effect: the water reaching the fresh turnings gives up its 
oxygen and leaves a deposit of rust upon them ; then con- 
tinuing through the turnings already rusted, it carries 
this rust on to the gravel filter, where it is retained, pro- 
ceeding thence to the boilers. About once a week, the 
whole apparatus is cleaned out by means of a strong cur- 
rent of water which carries off the deposits of ferrous 
hydrate accumulated in the filters or remaining in the 
turnings. This cleaning is completed by a blast of high, 
pressure steam from the pipe X. The turnings, which 
play the part of scape-goat (or simply ‘‘the goat’’), 
being sacrificed in order to save the boiler plates, are 
chosen as readily oxidizable as possible. The water is 
drawn into the apparatus preferably at a temperature of 
about 90 deg. C. and consumes about one gram of turn- 
ings per cubic meter of water, or about one millionth 
part of its weight. A degaser measuring 2 by 3 meters 
(6 ft. 6 in. by 9 ft. 9 in.) is sufficiently large for a daily 
discharge of 100 cubic meters, or 26,400 gal. of water. 


THE ScAM-BALCKE ‘‘ VACCINATION’’ PROCESS 


THE IMPORTANCE of avoiding incrustation in the inte- 
rior of surface condenser tubes may be understood from 
the fact that the consumption of steam in a turbine 





FIGC.S 
FIGS. 5 AND 6. MICROPHOTOGRAPHS OF A DROP OF UNVACCI- 
NATED AND VACCINATED WATER 


FIG.6 


increases by from 1.5 to 2 per cent for each 1 per cent 
decrease in the vacuum. Figure 2 is a typical chart 
showing the fall of the vacuum with surface condensa- 
tion over a period of six months. The chart, Fig. 3, 
shows just what is this increased consumption of steam 
in the case of high and low-pressure turbines, for each 
1 per cent decrease of vacuum. From this can be seen: 
1. That a high-pressure turbine, working ordinarily 
with a 92 per cent vacuum, will consume 1.72 per cent 
more steam when the vacuum is 91 per cent; 2. That a 
low pressure turbine working at 92 per cent will con- 
sume 4 per cent more steam when the vacuum falls to 91. 

Dilute hydrochloric acid is frequently used to clean 
off the deposit on surface condenser tubes, but as this 
acid attacks brass it is preferable to treat the cooling 
water before it enters the condenser. The incrustations 
consist principally of carbonates and to a smaller extent, 
of sulphates of lime and magnesia. The carbonates are 
very insoluble in water, at least when they occur in the 
form of bicarbonates. But by raising the temperature 
and lowering the pressure, they are readily decomposed ; 
free carbonic acid is liberated and the carbonates are 
deposited at the warmest part of the condenser. As to 
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the sulphates, they behave differently; they are soluble 
in a sufficiently large quantity of water, and are precipi- 
tated only when the water is saturated with them. 

The Scam-Balcke ‘‘vaccination’’ process, controlled 
exclusively in France and Belgium by the Societe de Con- 
densation et d’Applications Mecaniques, concerns itself 
only with the carbonates, which are transformed into 
chlorides by the addition of hydrochloric acid, accord- 
ing to the following formula: MgCO, (or CaCO,) + 
2HCl= MgCl, (or CaCl,) + H,O+CO,. This chem- 
ical reaction gives the desired practical results, for while 
the carbonate of lime has a solubility of 31 in one million 
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‘“VACCINATION’’ APPARATUS 


parts by weight of water, carbonate of magnesia 94 and 
hydrate of magnesia 9, the chlorides of lime and mag- 
nesia have a solubility of 400,000 in the same weight of 
water. Consequently it is almost impossible to get a 
saturated solution of these salts. Figure 4 shows in dia- 
gram form how the Scam-Balcke system is applied to 
ordinary surface condensation. The quantity of the 
circulating water is diminished by about 1.75 per cent 
by evaporation and overflow during cooling; this loss is 
made up by the addition of water previously ‘‘vacci- 
nated.’’ Figures 5 and 6 give a micro-photograph of a 
drop of water before and after vaccination. Figure 5 


























Fig. 8. ELECTRICAL DEVICE FOR SHOWING THE CONDITION 
OF THE FEED WATER 


shows the carbonate crystals which are precipitated by 
heat and thus produce the incrustations. An evapora- 
tion of the vaccinated water to one-fifth of its original 
volume gave no trace of precipitation either of carbon- 
ates or sulphates. 

The general arrangement of a vaccination installa- 
tion is shown roughly in Fig. 7. Between the cooling 
tower and the vaccinator is seen a hot-well from which 
the cooled and the additional treated water reach the 
condensers. The supply of concentrated acid is kept in 
tank P, from which it is drawn into the vessel Q as 
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required. From there it is driven by compressed air into 
the cistern R, where it is diluted; this being done once 
every 24 hr. Thence it passes into the mixing tank L, 
which is supplied with a ventilator to carry off the ear- 
bonic acid gas produced in the chemical reaction, and 
finally into the hot-well. 

The danger of the water being dosed too heavily with 
the acid and thus containing an injurious amount of it, 
or on the other hand, of not having sufficient, is guarded 
against by the apparatus shown in Fig. 8. This is based 
on the well-known fact that chemically pure water is a 
non-conductor of electricity, whereas its conductivity 
increases with the amount of salts held in solution. Also 
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the presence of a free acid in the water makes it a con- 
ductor. Thus a current is taken from the line L and 
transformed into low tension at Tr, thence passing to the 
electrodes E in the tank o, which is the same tank o in 
Fig. 7. From this it is passed through a temperature 
compensator T, which modifies the current according to 
changes of temperature in the water. Finally it reaches 
the milliammeter M, the needle of which in either ex- 
treme position, due to under- or over-vaccination, closes 
the circuit of the lamps L, and L, and the bell signal S; 
the current passing through the relays R, and R,. 

The foregoing is an abstract of an article appearing 
in the Feb. 12 issue of Le Genie Civil. 


Diesel Engine Practice---Il 


A DISCUSSION OF THE DIESEL OIL ENGINE; ITs CONSTRUCTION, 
OPERATION, AND LusBrRICATION. By <A. H. PrircHArp 


NE OF THE first things an operator should learn, 
O especially if he has been in charge of steam engine 

operation, is that he will not find the same clean, 
clear, ‘‘good’’ appearance of the cylinder walls of a 
Diesel engine that he formerly found when an internal 
examination of a steam cylinder was made. There is con- 
siderable difference in color and at times the Diesel 
engine unjustly suffers by comparison. In addition to 
this the rings and grooves, especially of the rings nearer 
the piston head, will be quite dirty. So-called carbon 
deposits will always be found to a greater or less degree. 
More will be found in firing ring grooves that are about 
an inch away from the piston head than those which are 
placed 3 to 4 in. away. The reason for this is that the 
lubricating oil collects in the ring grooves and in this 
way forms a seal between the edges of the ring and the 
groove. If lubricating oil is exposed to extremely high 
temperatures, it will immediately be reduced to fine dry 
powder and be carried out of the combustion chamber 
with the exhaust. If this temperature were the opposite 
extreme or very low, the oil would not be affected. But 
between these extremes there is a temperature estimated 
at 550 to 650 deg. F. at which point the lubricating oil 
just ‘‘stews,’’ leaving a sticky and, at, times, a hard dry 
solid deposit called carbon. 

By placing the firing ring 3 to 4 in. away from the 
top of the hot piston head the larger portion of this 
trouble is done away with. Where this trouble occurs 
very frequently, some operators have omitted the firing 
ring entirely, just leaving the open groove, and it was 
found to work satisfactorily using the second ring as a 
firing ring and the carbon trouble was eliminated. 

Some of this carbon trouble results from the over- 
feeding of lubricating oil to the cylinders, also the use of 
dirty air, i.e., atmosphere is laden with cement and coal 
dust, ashes, sand, ete. Deposits may also result from 
incorrect fuel, such that would not burn clean even in a 
Diesel engine. 

On the question of fuel, there is a considerable 
amount of data and specification covering this subject 
published by the United States Government Bureau of 
Mines, which writings ean be had for the asking. 

The elimination of dirt from the intake air requires 
an air purifying apparatus if very bad conditions sur- 
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round the engine, or the covering of intake parts with a 
fine wire mesh or cotton cloth. 


OVERFEEDING OF LUBRICATING OIL 


THE FEEDING of too much lubricating oil to the cylin- 
ders is a much more difficult problem. In the first place, 
there is no outside indication of incorrect lubrication or 
lack of lubrication. The only guide is the removal of the 
cylinder head and an inspection of the cylinder walls. 
This can sometimes be done by the removal of a valve 
in the head, not as thoroughly, however, as when the 
head is taken off. Judgment of the kind of an oil 
film should be made by wiping the cylinder wall with 
a piece of tissue or cigarette paper. The paper should 
be folded a number of times, and after wiping note the 
number of thicknesses of paper which show an oil mark; 
three or four thicknesses is the average showing. The 
judgment of the condition of the oil film should not be 
estimated by the operator rubbing his finger on the walls, 
as he may make comparison with his former steam 
engine experiences and the Diesel engine will suffer 
in consequence. In any event, he is making a compari- 
son and if he has made only a few of these inspections 
his judgment may not be sound. With the _tissue 
paper, however, the human factor is at least partially 
eliminated. 

Crosshead engines require a lesser amount’ of oil 
for the cylinders than a trunk piston type. This will be 
understood when we consider the straight line move- 
ment of the crosshead type of piston as compared to 
the trunk piston with its side thrusts due to the angular- 
ity of the connecting rod. Also, the crosshead type can 
well afford to have larger piston clearances than the 
trunk piston type, as in the latter with large piston 
clearances there will be found a bad ‘‘piston slap.’’ 

On sizes ranging from 1000 to 1500 hp., five and six 
cylinders each, on a crosshead type of engine, an aver- 
age of 6500 hp.-hr. per gallon of lubricating oil has been 
ample covering a period of several years. This was 
the highest grade and quality of oil possible to secure, 
which is also a determining factor, about which we will 
have more to say later. This quantity also included the 
bearing and air compressor lubrication, which quantities, 
however, were proportionately small. 

On 350 to 1000 hp. trunk piston types, the average 
is much lower, being about 3500 hp.-hr. per gal., which 
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figure also includes oil for other purposes. The rate 
of feed in drops per minute is a poor guide, as the size 
of the drop will vary with the viscosity of the oil and 
the surrounding temperature. Also some builders in- 
troduce oil at only two points even on cylinders 22 in. 
in diameter, while other builders with smaller diameter 
cylinders will use as many as six feeds to each cylinder. 

The overfeeding of oil to cylinders is quite prevalent 
in nearly every installation the writer has visited, the 
operator believing that he has a greater margin of 
safety in overfeeding, whereas the opposite is true. 

One builder’s experience is mentioned of having a 
piston seizure on one of his engines. He immediately 
issued instructions to all erectors of this engine to feed 
2 gal. of lubricating oil per cylinder (100 hp.) per 24 hr., 
which quantity was just about four times too much. 
From then on his troubles multiplied until he came to a 
realization of his error and also that his first piston 
seizure was incorrect piston design, too close a clear- 
ance rather than lack of lubrication. 

It is the author’s opinion, backed by considerable 
experience that a wiper ring prevents excessive quanti- 
ties of lubricating oil getting past the piston. It should 
be located at the bottom or outer edge of the trunk 
piston skirt. It should have the edge toward the piston 
head well rounded, thereby permitting excess oil to slip 
between this ring and the cylinder wall when the piston 
is traveling toward the cylinder head. The other edge, 
the lower or outer edge should be sharp and have a 
scraping effect, thereby scraping down or out the excess 
lubricating oils. 

In addition to these details, there should be a slot 
or pocket just below this wiper ring so that the excess 
oil it gathers will collect here and be drained to the 
inside of the piston skirt by a drilled hole not smaller 
in diameter than 3 in. A smaller sized drilled hole 
will clog with dirt and carbon in a short time and the 
value of this wiper ring be nil. 

Another method is to have this wiper ring and pocket 
low down on the piston so that at the bottom or outer 
end of the stroke, this slot or pocket is opposite the 
cylinder counter bore, thereby permitting the escape of 
the oil gathered. 

In either instance, the oil wiped down drops into the 
erank-case or bed plate and mixes with the bearing oil. 
This wiper ring is especially valuable where the engine 
construction is of tight crank-case design. This case 
will be filled with a fog of oil which condenses on the 
cylinder walls when uncovered by the piston. The 
guarding of the cranks will prevent these throwing the 
oil in large amounts in the crank-case and is earnestly 
recommended. A guard on the inside of the piston above 
the piston pin is recommended also to prevent excess 
oil being thrown by the piston motion on the hot piston 
head. If such occurs the oil will be burned, there will 
be wastage ‘and the carbon residue will drop into the 
erank-case and contaminate the bearing lubricant. Also 
a heavy scale of carbon will prevent the proper cooling 
of the piston head if it is of the air cooled type and the 
majority of these are up to about 150 hp. per cylinder 
in the four-stroke cycle types. All two-stroke cycle 


types have water cooled pistons because of the high 
temperature obtained. Figure 1 shows a typical ex- 
ample of a watercooled piston. 

As to the lubricant itself. 


There are so-called air 





POWER PLANT 
ENGINEERING 


953 


compressor oils on the market as heavy as any one of 
our steam cylinder oils and the oil itself is really a light 
colored (steam) cylinder oil. Such oils are usually 
chosen because they have a high flash point. All steam 
eylinder oils have a flash test about 150 deg. F. to 200 
deg. F. higher than the lighter bodied type of oil known 
as engine or machine oil. 

These lighter bodied oils are derived from distillates 
condensed during their process of manufacture while the 
cylinder stocks are never distilled but are residuum pro- 
ducts remaining in the still after other products have 
been taken off. In this way, these products are named 
distillate oils and cylinder stocks. 


Factors AFFECTING THE SELECTION OF A 
LUBRICATING OIL 


Ir THE flash test were the only factor on which to 
base the selection of an air compressor oil, it would be 
correct to select a cylinder stock for this work. 
inter 
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FIG. 1. TYPE OF WATER COOLED PISTON 


There are, however, other points to consider that 
are far more important than the flash test. 

First and foremost is the elimination of excessive 
wear of the air compressor cylinders and pistons. This 
ean be obtained with a lubricant that will provide a 
film of oil between the moving parts. In order to have 
a film, the lubricant must be easily distributed by the 
piston rings and moving parts. The use of a cylinder 
stock will not permit good distribution because of its 
being so heavy it will not spread readily. Hence, in 
order thoroughly to cover all parts, it is necessary to 
feed excessive quantities of cylinder stock. 

Excessive quantities are not only wasteful and costly, 
but it will be found that valves and parts will become 
fouled with gummy residue and carbon. It is a well 
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known fact that taking equal parts of distillate oil and 
cylinder stock and burning them, the result will be a 
far larger quantity of carbon from the cylinder stock 
than will be obtained from the distillate oil. 

Therefore, if excess quantities are necessary and this 
excess quantity produces more deposit per volume as 
compared with a distillate oil or what is commonly known 


as “‘light bodied oil,’’ it is a reasonable conclusion that 


the distillate oil would be more suitable. 

Experience in following and inspecting of over 100 
different Diesel engines in the field and in addition to 
these the running of many trials on engine builders test 
floors has proven that excellent distribution as well as an 
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FIG. 2, FORCE FEED CYLINDER OIL LUBRICATING SYSTEM 
excellent oil film and the absence of deposits will be 
found with a distillate oil of the right high grade quality. 
In fact, the same oil that was used for the cylinder was 
used in some cases for bearing lubrication. 

In looking further into this, let us not follow the 
common error that the oil film is all subjected to the 
temperature of the air as it is compressed. Only that oil 
which is atomized and mixed with the air due to the 
velocity and turbulence of the air will be subjected to 
the extreme temperature. The oil that adheres to the 
cylinder walls will have approximately a temperature 
of not more than 50 deg. F. above the temperature of 
the jacket cooling water or a maximum temperature of 
150 deg. F. The elimination of excessive quantities of 
oil will mean very little oil mixed with the air and will 
further remove the possibility of deposits on valves and 
parts, which deposits are the result of oxidized oil being 
deposited on the valves, cages and parts where it is 
burned or reduced to petroleum coke, commonly called 
carbon. When such deposits interfere with the correct 
operation of the valves, be it ever so slight, there is the 
possibility of the air being wire drawn and recompressed 
thereby raising the temperature step by step to a danger- 
ous degree. 

Some prominent authorities on lubrication are ad- 
vising the use of compounded oils for air compressor 
lubrication. By compounded oils, is meant oils mixed 
with a small percentage of fixed oil. The fixed oil may 
be either animal or vegetable oil. Lard oil is usually 
used. At first thought this may appear wrong, as there 
seems to be a prevailing opinion among operators that 
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an oil compounded with lard oil would be unsuitable 
because it would readily burn or flash at high tempera- 
tures. The writer has tried to find the basis for this 
prevalent opinion, but without success. There is no 
reason for such an opinion; in fact, if flash point is any 
indication, extra winter strained lard oil flashes at 
480 deg. F. 

The theory on which the use of compounded oils is 
based is that the animal oil better resists the washing 
off action of the moisture which collects on the cylinder 
walls. Thereby the oil film is maintained by using a 
smaller quantity of oil, which is very desirable. Claims 
are also made that with the compounded oil, the carbon 
formed is less and that which does form is of a softer 
nature and loosens easily, being carried away with the 
discharge air. For this reason, compressors can be run 
for several months without the necessity of more fre- 
quent cleaning. 

The author has two cases under observation now 
which have been using compounded oil for the past 
3 or 4 mo. In both instances, complaint was made that 
it was necessary to renew the high pressure cylinder 
liner after a year’s operation with a straight mineral 
oil in use. Several makes of oil had been tried with the 
same result. In one of these cases, it was undoubtedly 
the question of moisture in the surrounding air as the 
separators had to be drained frequently. This excess 
moisture, coupled with the fact that only a small rate of 
feed was possible, accounted for this rapid wear. If 
the feed of oil was increased, the result would be acecu- 
mulation of deposit on the valves. 

The writer is of the opinion that where it is necessary 





FIG. 3. SIGHT FEED CONTROL GRAVITY CIRCULATING SYSTEM 


to run the air compressor of a Diesel engine with a 
throttled suction, especially if the intake is cut down 
to very small volume, there will be found an excessive 
amount of deposit on valves, ete. This opinion is based 
on experience with a number of large motor driven 
two-stage compressors. These units were run at constant 
speed, the air required being variable. When the re- 
ceivers were filled to maximum pressure an unloading 
valve on the low pressure suction was automatically 
closed and the machine would run idle at the same speed. 
It was noted that if the compressors ran idle for thirty 
per cent or more of its time a heavy deposit was found 
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on both the inlet and discharge valves of the high-pres- 
sure cylinder. 

After several months of investigation and trials of 
various lubricants without any change in results, it was 
decided to run a few indicator cards. When this was 
done, it was found that the indicator showed work done 
on the high-pressure cylinder with the suction closed 
and not sufficient pressure to open the poppet discharge 
valves. All of which spelled a gradual stepping up of 
the temperature, also that there was no fresh cooled air 
taken in at each stroke. 

A mechanical arrangement which closed a check valve 
in the discharge line and held open the discharge valves 
of the compressor did away with the trouble entirely. 

The only remedy that suggests itself in solving this 
trouble is that the design of the compressor for the 
Diesel engine be of such volume that the intake can be 
operated at or nearly its maximum opening. ‘This 
is difficult because the compressor must have sufficient 
capacity to furnish all the blast air required at full 
load and sufficient additional capacity to refill the start- 
ing air tanks at the same time. 

Suggestion is made that designers proportion their 
volume of air delivery as nearly to requirements as it is 
practical. Also, if the operator runs his engine with the 
intake almost closed, he can expect to find excessive de- 
posits and therefore he will be obliged to clean valves 
more frequently. 

Experience has shown that it is possible to secure a 
lubricant for the air compressor cylinders which lubri- 
eant will also furnish correct lubrication for the power 
pistons. This will prove true with the exception of a 
few rare cases. 

BEARING LUBRICATION 

THE BEARINGS of Diesel engines can be handled much 
in the same way as steam engines; that is, a gravity 
circulating system supplies quantities of oil to each bear- 
ing, which oil is again collected, filtered and used again. 
Losses are small, but the oil becomes very dark, almost 
black, after it is used a short time. This is due to par- 
ticles of lampblack, which is a product of combustion 
becoming mixed with the oil. It offers no detriment 
to the lubrication of the bearings, although some opera- 
tors think the oil is destroyed when it has such a color. 
This color matter cannot be removed in the strainer type 
of oil filter. It can be treated in a patented apparatus 
also in the filter press type of filter for removal. 

As to piston lubrication, it is very poor policy to select 
any but the highest quality of oil obtainable. As to this 
selection of lubricants for a Diesel engine, we may 
quote the following extract from Government Pamphlet 
156, Petroleum Technology No. 44, Bureau of Mines: 

‘‘Users of Diesel engines can make no more serious 
mistake than to purchase a low priced cylinder oil in 
an attempt at economy. A high-grade cylinder oil spar- 
ingly used will prove most economical as regards both 
the quantity of oil consumed and the cost of engine 
upkeep. Oil analyses alone are insufficient to govern 
the selection of a desirable oil. The best way of testing 
the suitability of an oil is to note its performance in a 
Diesel engine cylinder. The best guide in the purchase 


of lubricating oils is the recommendation of the engine 
builders, as their recommendation is usually based on 
the results of protracted tests of different lubricating 
oils.’’ 
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Boiler House for the American Oak 
Leather Company 


By Paut P. Suter 


N IMPORTANT phase in the economical opera- 
A tion of an industrial power plant is the proper 
housing of the boilers with their auxiliary equip- 
ment. The -arrangement of the boiler house recently 
completed for The American Oak Leather Co., at its Cin- 
cinnati plant, represents a departure from ordinary prac- 
tice in boiler room construction and is therefore of inter- 
est to both plant owner and engineer. 

Not only is the building proper of reinforced con- 
erete throughout, instead of the usual structural steel 
framing, but the location of the coal bunkers and con- 
veyors with relation to the boilers is unique. 





—— 








BOILER HOUSE OF AMERICAN OAK LEATHER CO. 


Fig. 1. 


As shown in the sketch, a lantern type building was 
used. By placing the bunkers in the lantern it was pos- 
sible to effect a saving in space without rendering the 
lantern useless for its original purposes, namely: to 
provide light and ventilation. The cross section shows 
how this was accomplished, light windows being placed 
under the bunkers, while adequate ventilation is secured 
by an open space between the bunkers and the east wall, 
leading to the windows above. 

This location of the bunkers also made it possible to 
use one conveyor system for both coal and ashes, which 
of course, means a distinct saving in plant operation. 
Two conveyors are used to handle the fuel. The coal 
is dumped from cars into a receiving hopper under the 
railroad siding and thence into a crusher. A belt con- 
veyor carries the crushed coal to a continuous bucket 
conveyor which delivers the coal to storage pile or bunker 
as desired. The coal storage being over one end of the 
tunnel, openings in the tunnel slab allow the coal to 
return to the conveyor for refilling bunkers as required. 

The ash pit is placed in the tunnel and has bin gates, 
permitting the ashes to be emptied directly from pit into 



















conveyor which dumps them through a chute into the 
ash storage hopper on the outside of the building. They 
are here loaded on trucks for disposal. 

Outside of the building and tunnel the bucket con- 
veyor, which was designed by the Stephens-Adamson Co., 
is carried by structural steel framing with a corrugated 
iron housing. 

This boiler plant contains two 850-hp. B. & W. boilers, 
both operated by foreed draft, the air chambers being 
under the floor and constructed of reinforced concrete. 

The building is 62 by 56 ft. in plan, the main roof 
being 24 ft. and the lantern roof 52 ft. above the floor 
level. Being over a deep fill, Raymond concrete piles 
were used to secure a satisfactory foundation for both 
tunnel and building. As soon as the tunnel and floors 
were completed the boilers were placed and put into 
operation by hand firing. The building was then erected 
while the boilers were in use. It was deemed inadvisable 
to carry any part of the construction load on the boilers 
and this, coupled with the high roofs, made construction 
more difficult than for ordinary structures. Temporary 
‘*T’’ beams, spanning the boilers in both directions were 
used to carry the form work for roof and bunkers over 
the boiler area while the balance of the form work was 
earried by staging. 





Bucket 4 
Con 
ye 


2 oat Coal 


fron 
pane Bunker 











om | 
4 
4A 
re, ’ 
Chute Li k 
wei ANG 
J to Fae ; — if 











ae: 


GBrecchin : 
to ‘Stock 9 Boile 


NS 

















Ee 
ra) ; 


Fanz2-4 ) 


f ae en ber i 
i! a7) Z | 
° Ash si Oe 

















rd e Is Continuous bucket 
ay W-| Conveyor serves double 
Sh] purpose of Supplying 
coal and removing ashes 
10 20 
ee eae vee ee oe 
Scale 











eee Beet 





Cross Section 
FIG. 2. CROSS SECTION OF BOILER HOUSE 


The reinforced concrete work was designed by L. J. 
Backman of The Ferro Concrete Construction Co., co- 
operating with J. D. Lyon, consulting engineer for the 
owner, the building being erected by The Ferro Con- 
erete Construction Co. 


U. S. Civi. Service CoMMissION announces an ex- 
amination for assistant examiner, Patent Office, on Oct. 
5, 6, and 7, to fill vacancies in the Patent Office, Wash- 
ington, D. C., at the entrance salary of $1500 a year, and 
in positions requiring similar qualifications. Apply for 
Form 1312, stating examination title. 
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Oil Fuel Turbine 


A DVANTAGES of the turbine form of prime mover 






for internal combustion machines have long been 

known, but the lack of a metal that could with- 
stand the high temperatures necessary has prevented suc- 
cessful use, as water cooling of blades and nozzles would 
be difficult and would interfere with economy. 

At present a Holzwarth oil turbine is being tested 
at Thyssen & Co.’s works, Mulheim, Germany, which 
develops 500 b. hp. at 3000 r.p.m. It is intended to 
drive a generator, but a like unit is to be built and 
tested out for marine propulsion. 
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FIG. 3. LONGITUDINAL SECTION AND PLAN OF BOILER HOUSE 





Compression is furnished by a separate machine, 
driven by a small steam turbine, the steam being gen- 
erated by heat of the exhaust from the main oil turbine. 
Compressed air is forced into a combustion chamber 
into which oil is fed. The compression temperature is 
not high enough to cause ignition, and an electric spark 
is used. This limits the fuel to gasoline, kerosene and 
similar easily vaporized fuels. Burned gases are ex- 
panded through a series of nozzles and strike the rotor 
blades at high velocity, the action being similar to that in 
a steam turbine. 

Use of low compression and explosion pressures— 
the latter being 205 lb. per sq. in.—while reducing the 
efficiency, simplifies the problem of adequate material 
for the blades. But there is added the complication of 
the sparking mechanism, as well as the steam outfit for 
utilizing the heat of exhaust gases. The blades are made 
of electric steel, specially heat treated, and are said to 
stand up well. 

While this may prove a step forward, it does not 
take the place of engines which use heavy oil and high 
compression, either in the matter of simplicity or of 
potential efficiency. 


‘‘THE VALUE of persistency depends on the effect it 
has on others.”’ 
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Construction of Industrial Electrical Distribution Systems---II 


MANHOLES AND UNDERGROUND WORK; 


INTERIOR WIRING. 


ANHOLES are installed on straight runs of duct 
M to facilitate pulling cable, at corners to permit a 
change of direction, and at other places for the 
purpose of making taps on the main run or for install- 
ing transformers underground. In a measure, a manhole 
serves the same purpose in underground construction as 
a pull box does in conduit work. 
A manhole, to be satisfactory, must be roomy, dry, 
and laid out with reference to the cables passing through 
it. It should be deep enough so that the men can stand 
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FIG. 18. PLAN AND SECTIONAL VIEW OF TYPICAL MANHOLE 


erect while working in it, but care must be taken that the 
floor is not carried below the sewer level, as proper drain- 
age is essential. The size and shape are governed by the 
condition in each instance. A manhole on a straight 
run would perhaps be most satisfactory if oval shaped, 
while a corner manhole would serve best-if square. The 
design should aim to permit the training of the cables 
along the walls with as few abrupt turns as possible. 
The top of the manhole should be amply strong to 
bear any reasonable load, and should be waterproof. 


By V. E. 


JOHNSON 


A reinforced concrete roof built around an I beam frame- 
work is satisfactory; if the sweating of the concrete is 
objectionable, a hollow tile or terra cotta ceiling can be 
installed. 

The manhole cover should be ventilated, and should 
preferably be round, as this shape precludes any possi- 
bility of its dropping into the hole. 
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FIG. 19. MANHOLE AND LATERALS ENTERING BUILDING 

Figure 18 shows two sections of a manhole, and illus- 
trates the method of construction. The cables are shown 
supported by cable racks, but often cement or brick 
shelves take the place of the racks. 

Usually, in planning the cable arrangement, an effort 
is made to keep all ‘‘through’’ conductors in the lower 
ducts, while the branched feeders are run above. Under 
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IN ACTUAL PRACTICE 
THE ROPE IS PASSED 
THROUGH SEVERAL SECTIONS 
OF OUCT 
FIG. 20. SCHEME EMPLOYED TO PULL CABLE THROUGH 


DUCTS 


no conditions should cables be carried straight across the 
hole, as this interferes with the workmen, and may also 
lead to the damaging of the insulation. 

Laterals are best constructed using iron pipe for duct. 
with this material, no concrete bedding is needed and 
the pipe can be bent to any desired shape. In locations 
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where it would be exposed to unusual corrosion, it should 
be imbedded in cement; fiber or clay duct could also be 
used. 

In Fig. 19 is shown a sketch of a manhole and the 
laterals into a building. The pipes should pitch toward 
the manhole so that any accumulation of moisture will 
drain off. The joints should be white leaded and screwed 
up tight. 

The cable for underground service should be lead 
covered, as the almost inevitable presence of moisture 
would cause the rapid destruction of any other kind. 
This cable may be obtained single or multiple and there 
is considerable question as to which is preferable. The 
multiple conductor cable is cheaper, occupies less space, 
but is harder to work and train without injury. Single 
conductor cable is easier to work, but it occupies more 
space, costs more and when carrying heavy currents is 
subject to inductive disturbances. However, the con- 
sensus of opinion seems to be that for industrial systems 
(which are at the best comparatively small) the single 
conductor should be used, as the convenience in working 
and making changes outweighs the saving in space and 
cost; while the inductive troubles are not great enough 
to do much damage. 
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SCHEMES FOR ATTACHING PULLING ROPE TO END 
OF CABLE 
FIG. 23. TYPICAL TAP CONNECTIONS 


FIG. 21. 


Cables should be installed singly in the ducts, except 
for short runs and through iron pipe laterals. The in- 
stallation of several cables in one duct usually results in 
damaged sheaths if for any reason withdrawal is neces- 
sary. In alternating-current systems, the conductors of 
each circuit should be placed in adjacent ducts to reduce 
the inductive effect. ‘‘Tracing out’’ and training in the 
manholes is facilitated by running a given cable in the 
corresponding duct in every section. 


PuLuInG CABLES 


In Fig. 20 is shown the scheme usually employed in 
pulling cable into the ducts. To pass the rope through 
the ducts, use is made of conduit rods. These are short 
pieces of wood rod (about 34 in. by 3% ft.) with coup- 
lings on the ends. These rods are inserted into the duct 
and coupled one to the other until the distance from 
one manhole to the next has been covered. A wire is 
then attached to the last joint, and the chain of rods 
used as a means of pulling in succession through the 
duct, this wire, a cylindrical duct brush, and the pulling 
eable. The sections of rod are disconnected as the pull- 
ing proceeds. 

Several schemes are used for attaching the pulling 
rope to the end of the cable. See Fig. 21, which shows 
two of the best. In the first the end of cable is wrapped 
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spirally with iron wire in opposite directions. This 
tightens by pulling. In the second the end of cable 
is made up into an eye, by cutting away part of the 
wires and back-splicing the remainder. End of sheath 
should be wrapped with tape to prevent injuring the 
edge. This should not be used in wet places; but in 
damp ducts it can be made safe by wrapping the end, 
including the link, in burlap soaked in tar or other 
compound. 

In pulling care should be taken to avoid sharp kinks 
in the cable. On hard pulls, grease should be liberally 
applied to the lead sheath. The pulling rope should be 
‘*rodded’’ through several sections of duct so that one 
set up of the pulling apparatus may serve for the longest 
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FIG. 22. METHODS OF CONNECTING CABLE ENDS 


Laterals are wired by means of a ‘‘pulling rope’’ 
fished through with a fish wire. The pulling can be done 
by hand or by means of block and tackle. 

Every precaution should be taken to prevent the 
entrance of moisture into the cable after it has been cut 
off. If the joints are not to be made immediately, the 
ends should be ‘‘ wiped over’’ with lead or sealed up with 
some tar compounds and wrapped in burlap. If there 
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is any possibility of moisture in the ducts at the time of 
the installation of the cable no open or ‘‘cut off’’ ends 
should be pulled in, without first being moisture proofed. 

There are many ways of splicing cable, but only two 
will be given here. Underground conductors are not 
subjected to any great mechanical strain, so that carry- 
ing capacity is the principal factor to be considered. The 
two methods shown in Fig. 22 are identical except that 
one uses a brass or copper sleeve while the other uses a 
patented connector. 

Before putting on first layer of tape over sleeve the 
cable should be heated with the torch for 2 or 3 ft. back 
to drive off all moisture. After the sleeve is in place, 
splicing compound is poured into the holes shown in it, 
and after it has been completely filled the holes are sol- 
dered shut. The joint should not be moved till cold. 

Taps can also be made in several ways, of which only 
two are shown. Figure 23 shows the methods of making 
the actual connections, the insulation and lead sheath 
being applied exactly as in Fig. 22. 

Strands of tap are untwisted and one-half of wires 
passed on each side of main then served along in each 
direction from the center. It must be soldered with 
ladle. , 

As previously stated, the three conductors of a three- 
phase system (or the two of a single-phase system) 
should be pulled into the same lateral conduit to avoid 
heating of the pipe by eddy currents and hysteresis. 
Laterals are usually so short that no difficulty will be 
experienced in pulling the cables out if that should 
become necessary. 


INTERIOR WIRING 
IN THE INSTALLATION of wires inside of buildings two 
principles must be kept in mind constantly. 1. Wires 


must be so installed as to eliminate fire hazard. 2. Wires 
must be protected from injury. 
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FIG. 24. METHODS OF SUPPORTING WIRES ON WOODEN 


BEAMS 


To conform with these principles, it is essential that 
the wire be selected and installed to meet the conditions 
under which it operates; often several different methods 
are necessary in the same plant. In a paper mill, for 
example, the machine rooms though warm can usually be 
wired in conduit; the acid and bleach rooms may require 
special installations; the sulphur burner room which is 
hot will require slow burning wire installed on knobs; 
the office will perhaps be wired with ordinary knob and 
tube concealed work although conduit would be pref- 
erable. 

In the installation of inside wiring it is important 
that the Underwriters’ Rules and all local ordinances be 
obeyed. The following tabulation gives the kinds of 
insulation and methods of installation suggested for use 
in various locations based on the 1920 ‘‘ Electrical Code’’ 
and on the Factory Mutual Fire Ins. Co.’s Wiring Rules. 
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Kind of Location 


Cool and dry 
Cool and wet 
Hot and dry 


Open Wiring | Conduit Wiring 

|D.B. rubber 

|S.B. rubber 

|Slow burning (special 

| consent required) 

|Satisfactory installation 
diffieult 

Satisfactory 
difficult 





Slow burning 
Rubber S. B. 
Slow burning 


Hot and wet Rubber 


Slow burning installation 


weatherproof 





Fumes present 





Voltages are 550 or below. 
S8.B.—Single braid. D.B.—Double braid. 


In Fig. 24 are shown the general methods of support? 
ing wires on the beams of mill-type buildings. 
Method A—Permissible when conductor is No. 8 or 
larger and when no danger of mechanical injury exists. 
Method B—‘Breaking around’’ is necessary for 
smaller wire. 
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MEANS FOR PROTECTION OF RISERS 


Method C—Can also be used in place of method B. 
By making the running board with side strips better 
protection is secured. See D. 

If necessary guard strips can be nailed to beams 
on each side of cable in Method A. These should pro- 
ject over the top of insulators and be at least 7-in. thick. 

The rules prove that ordinarily the wire de be sup- 
ported every 414 ft. except when method A above is used. 
If danger of mechanical injury exists the wire must be 
supported at shorter intervals. 
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FIG. 26. VARIOUS METHODS USED FOR SUPPORT OF 
CONDUCTORS 


When methods B and C are used wires should be 
spaced from each other and from the surface wired over 
as per the following schedule: 





Voltage Distance from Surface | Distance Between Wires 





0-300 


Y% in. | 21% in. 
301-600 4 


lin. in. 





When method A is used the conductors should be 
separated about 6 in. In damp places the distance from 
the surface wired over should be 1 in. for voltages un- 
der 600. 

It would be a waste of space to repeat here the various 
rules making up the ‘‘code,’’ as a copy of the latter can 
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be obtained from the nearest fire inspection bureau for 
the mere asking. Furthermore it is to be assumed that 
the reader is already familiar with elementary wiring 
and understands the use of tubes, circular loom, ete. 
Side wall wiring in industrial plants is constantly 
exposed to mechanical injury, and should be protected to 
a point at least 7 ft. above the floor. This may be done 
in a number of ways—two examples being shown in 
Fig. 25. 
* On account of the large size conductors forming fac- 
tory wiring systems, the matter of adequate fastening 
must be carefully considered. Leads installed as in A, 
Fig. 24, must be dead-ended securely, and for wire larger 
than No. 00 it is probably not practical to use ordinary 
knobs for this purpose. For wires above No. 4, single 
wire cleats or double knobs should be used and for 


BOLT PASSING 
BETWEEN 
ANGLES OF 
TRUSS 
FIG. 27. KNOBS OR CLEATS FOR CARRYING SMALL WIRES MAY 
BE SCREWED TO BOARD BOLTED TO TRUSS 


cables 500,000 ¢.m. or more a metal yoke with porcelain 
bushings would be preferable. In Fig. 26 is shown a 
series of sketches of the methods used for supporting 
various sizes of conductors. 

For buildings with structural steel roof trusses and 
brick or concrete walls, some variations of the above 
methods must be used. There are various patented in- 
sulator supports manufactured to meet such conditions ; 
when these are not available or desirable the standard 
appliances can be readily employed. 

For small wires, perhaps the simplest method is to 
make use of a piece of 2 by 4 in. fastened to the truss 
chords or to the cement wall, then using the proper 
kind of knob as in Fig. 26. Figure 27 shows such a 
wiring board fastened to a roof truss. On other forms 
of steel these can be fastened by means of L bolts, or 
holes ean be drilled and ordinary machine bolts used. 
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FIG. 31. A TYPICAL SOLDERED LUG CONNECTION 





On brick or cement walls, the wiring board can be 
fastened by drilling a 1-in. hole about 5 in. deep, plug- 
ging this with wood and using a lag screw—passing 
through the board into this plug. Another method is to 
make the hole in the brick large enough to receive the 
head of a machine bolt, then filling the space around the 
bolt with sheet lead tightly pounded into place. The 
hole should be larger at the bottom than at the top in 
order to make a secure job. 

In locations that are very hot, wiring boards should 
not be used as these dry out and let the insulator screws 
get loose. In such places insulators should be bolted 
directly to the steel work; on the walls patent metal 
anchors should be used. This latter method should also 
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be used when moisture and fumes tend to digest or rot 
the wood. 


CABINET BOXES 


In industrial plants the most popular cabinet boxes 
are undoubtedly those that are surface mounted steel 
trimmed; there is little occasion to use any other. The 
top of these boxes—when used with open wiring—is pref- 
erably slanting, as this prevents the accumulation of 
dirt and rubbish and also makes it impossible to use the 
top for a shelf. In dry places, the wires may enter from 
any side, but in wet places entry should be made through 
the sides and bottom only, and the side leads should 
have drip loops in them. An arrangement such as that 
shown in Fig. 28 would be the best from both an electrical 
and a mechanical standpoint, but might conceivably be 
rather clumsy to install. A similar scheme could be used 
with oil switches and similar apparatus, and a variation 
as that in Fig. 29 used in the event that the oil switch 
were not adapted for conduit connection. 
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FIG. 28. CONDUIT CONNECTION TO CABINET BOXES 
FIG. 29. FOR USE WHERE CONDUIT CONNECTION IS NOT 
FEASIBLE 
FIG. 30. METHOD OF MAKING SPLICES IN OPEN WIRES 


Leads from the oil switches or controllers to the motor 
can best be run in conduit—under the floor—or buried in 
the cement floor. An exception to this is in wet places 
where such an installation would result in the pipe be- 
coming filled with water. Under such conditions, the 
conduit should be run overhead. 

Drop lights in factories are most secure when in- 
stalled with ‘‘ceiling buttons,’’ the flexible cord terminals 
being soldered direct to the main leads. Rosettes are the 
source of much trouble in places where there is vibration, 
as the screws loosen and drop out. It should be noted in 
this connection that the use of drop lights should be 
eliminated as much as possible, and dependence placed on 
a properly designed lighting system. 

The Underwriters’ Rules require that joints be so 
made as to be mechanically and electrically secure with- 
out the aid of solder; that they then be soldered (unless 
patented connectors are used); and that they be in- 
sulated in such a way as to make the joint equal to the 
wire itself. Figure 30 shows methods of making splices 


in open wirings. 
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The joint at A, B and C is made by (1) cutting out 
the ‘‘core’’ or inner bunch of wires and then ‘‘fanning’”’ 
the wires as at A; (2) interlacing them; (3) pressing 
them close to the copper cable (right end of B); (4) 
taking one wire of each cable, making one ‘‘twist’’ and 
then wrapping the wire from the left-hand cable around 
the right-hand cable as at B; (5) when the end of this 
wrapping wire is reached, it is bent with a hook, and 
into this hook the next wire is caught and then wrapped 
around, continuing so until all the strands have been 
wound around the cable. See C. The whole is then 
soldered by pouring molten metal over the splice by the 
use of a ladle and melting pot. 

Taps can be made by twisting the tap around the 
lead if the wires are small; by wrapping fine wire around 
the tap and main laid side by side in a manner analogous 
to that making a splice; or by using the method shown 
in Fig. 23. 

In attaching stranded wires to apparatus having 
screw connections, or employing set screws to hold the 
leads in place, the strands must be dipped in solder so 
as to make a solid connection. If lugs are to be used, 
the insulation should be cut from the wire just far 
enough to touch the end of the lug when the wire is in- 
serted. See Fig. 31. 

The use of concealed knob and tube work in indus- 
trial buildings is very limited and will not be con- 
sidered in this article. 


ADVANTAGES AND REQUIREMENTS OF CONDUIT WIRING 


CONDUIT WIRING is unquestionably the best method of 
wiring factory buildings; it has become almost standard 
construction and is in fact required by ordinance in 
many cities. 

Its advantages are as follows: 

1. Any part of the system can be repaired by pull- 
ing out the wires in question and pulling in new ones. 

2. Wires are protected from mechanical injury. 

3. Fire hazard is practically eliminated. 

4. Personal hazard is practically eliminated as far 
as the conductor system itself is concerned. 

5. Space is saved, as pipes can be run close together 
and in places when open wiring would be impossible. 

There are a few fundamental rules that apply to 
every conduit installation. 

1. All the wires of an alternating-current circuit 
must be run in the same pipe. 

2. All the wires of a direct-current circuit should be 
run in the same pipe. 

3. The conduit should not be wired until it is in 
place—bending a pipe with the conductor in it is not 
permissible. 

4. Conduit should be installed so as to permit easy 
‘‘pnulling in’’ of the conductor. This is accomplished by 
(a) having the pipe large enough; (b) using plenty of 
pull boxes and so keeping ‘‘runs’’ short; (¢) using only 
a few turns per run and making those of large radius. 

5. The local conditions must be taken into considera- 
tion when pipe is installed, so as to avoid damage from 
water, breaking belts, ete. 

6. Damage tothe wire during installation and after- 
ward must be avoided. The conduit must be reamed 
earefully to remove fins and burrs, sharp twists or turns 
in the wire must be avoided, the pipe should not rest 
against bare steam mains, etc. 
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7. The entire conduit system must be grounded. 

The fittings to be used with conduit are available in 
great variety and are adapted for every conceivable ap- 
plication under practically every operating condition. 


Voltage Regulators for A.C. Circuits 


By Joun H. Boynton 


N VARIOUS conversations with engineers whom I 
| always thought knew much about the whys and 

wherefores of electricity, I have found a general lack 
of knowledge on the subject of voltage regulation. In 
the following I have attempted to present a few points 
on the subject which always puzzled me when I was 
new at the game. 

Voltage regulators for alternating current circuits 
may be divided into three classes: (1) the inductor reg- 
ulator, (2) the polyphase regulator, and (3) the switch 
type regulator. I have often heard polyphase regula- 
tors also called inductor regulators, but the inductor 
regulator is, strictly speaking, for single-phase circuits 
only. Moreover, the principles of the two machines are 
different. 

The inductor regulator depends for its operation 
upon a variable ratio of transformation. This ratio is 
varied by changing the relative mechanical positions of 
the primary and secondary coils. The secondary wind- 
ing is in series with the line and is mounted on a sta- 
tionary shell. The primary is connected across the line 
and is rotatable through 180 deg. By revolving the pri- 
mary, the relative positions of the two fluxes may be 
changed, and thus the ratio of transformation changed, 
as the voltage on the secondary depends on the amount 
of primary flux that is interlinked by the secondary. 
If the two fields oppose, the feeder voltage will be 
boosted; if they agree, it will be lowered. 

Polyphase regulators, as the name suggests, are for 
polyphase circuits. They accomplish the same results 
as inductor regulators, but operate in a different manner. 
The ratio of transformation remains unchanged, but 
the phase relations of the primary and secondary (not 
feeder) voltages are changed. The polyphase current in 
the primary sets up a revolving magnetic field which 
makes a certain number of revolutions per minute de- 
pending upon the frequency and the number of pairs of 
poles in the regulator. As the induced voltage in the 
secondary depends on the speed of rotation of this field 
and hence upon the frequency, upon the primary voltage, 
and upon the number of turns in the secondary, and as 
for any given case all of these quantities are constant, 
it is evident that the induced voltage in the secondary 
will be independent of the mechanical position of the 
rotor secondary. The only effect that a change in the 
position of the rotor will have, is in the phase relations 
of the two voltages. If the primary and secondary ex- 
actly agree in phase they may be added; that is, the 
primary voltage is boosted by an amount equal to the 
secondary voltage for use in the feeder circuit. If the 
two voltages exactly oppose, the primary voltage is 
lowered by an equal amount. Any phase relation be- 
tween exact agreement and exact opposition may be had, 
and the primary voltage boosted or lowered accordingly, 
hence the feeder voltage will be regulated. The addition 
and subtraction is, of course, vectorial. 








Switch-type regulators employ an auto-transformer 
with variable taps. The transformer winding is con- 
nected across the alternator circuit, while one side of the 
feeder circuit is permanently connected to one end of 
the winding. An adjustable contact operated by some 
form of switching device forms the other contact. 
Neither the primary or the secondary is movable, any 
part of the secondary being connected in either direction 
in the circuit so as to boost or lower the voltage. 

Some consider a booster transformer as a voltage 
regulator, but it does not regulate the voltage; it merely 
boosts it to compensate for line drop. If it is equipped 
with variable taps, however, it becomes a_ voltage 
regulator. 

All of these types may be operated by hand, but as a 
general rule the purpose of the regulator is defeated by 
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hand operation due to the presence of the ‘‘human ele- 
ment.’’ Motor operation is the only sure way of obtain- 
ing perfect regulation. The motor is operated by a con- 
tact-making voltmeter, the motor being stationary at nor- 
mal voltage. The movement or rotation of the motor is 
naturally much reduced, and automatic stops and revers- 
ing switches must be provided as the movement of the 
rotor is through 180 deg. only. 

These regulators do not transform all of the primary 
voltage. Either of the coils may be cut out of circuit 
without interrupting service. That is there is a complete 
circuit through the regulator independent of the regu- 
lator windings. The primary voltage acts directly on the 
feeder circuit and but a part of it is transformed either 
in value or in phase relation so as to affect the feeder 


circuit. 


Liquid Resistance Controllers 


CONSTRUCTION AND OPERATION OF Liqguip ConTROLLERS Usep witH Larger Morors ror Con- 
TROLLING THE SPEED WHILE STARTING OR DurING ConTINUOUS OPERATION. By Gorpon Fox* 


URE WATER is a non-conductor or at least a very 
on conductor of electricity. This condition is testi- 

fied by the fact that icicles and sleet may often be 
present between wires without causing short circuits. 
Water containing chemicals or impurities may be a con- 
ductor. The conductivity depends upon the nature and 
the strength of the solution. Among the materials com- 
monly used to render water conducting are acids, salt 


- 





FIG. 1. LIQUID RESISTANCE CONTROLLER FOR WOUND-ROTOR 
INDUCTION MOTOR 


and soda. Of these soda is to be preferred as causing the 
least corrosive action on the metal container and 
electrodes. : 

Liquid rheostats find a variety of applications. The 
well known ‘‘water barrel’’ is sometimes pressed into 
service as a starting rheostat for direct-current motors. 


*Electrical Engineer, Freyn, Brassert & Co. 


Quite frequently some form of liquid rheostat is 
employed to absorb energy, as for testing purposes. 
These devices are usually of an improvised nature. 

Liquid rheostats have been developed commercially 
for use as secondary resistance for wound-rotor induc- 
tion motors, particularly for the larger motors, 500 hp. 
and above. There are two distinct types; namely, the 
liquid resistance controller used for starting and con- 
trolling the speed of motors subject to frequent starting 
duty; secondly, the liquid slip regulator used in con- 
junction with continuous running equipments. These 
will be described briefly. 

A liquid resistance controller is shown in Fig. 1 and 
Fig. 2 is a diagrammatic sketch showing the principle of 
operation. The lower tank, containing the cooling coils, 
is the reservoir for electrolyte. The smaller upper tank 
contains the electrodes. Electrolyte is pumped from the 
lower tank to the upper tank by the continuously run- 
ning, motor-driven pump. The resistance is varied by 
varying the height of the electrolyte in the upper tank. 
This varies the area of electrodes submerged in the elec- 
trolyte. The height of the electrolyte in the upper tank 
is governed by a weir which permits the excess liquid to 
flow back to the lower reservoir. Dimensions are such 
that the upper tank can be nearly emptied very quickly 
when the weir is lowered. When the weir is raised in 
starting, however, the liquid level will not rise imme- 
diately, being restricted by the rate at which the liquid 
is pumped. In this way a time element is introduced in 
the rate of acceleration. This can be adjusted by a valve 
in the pump discharge line, governing the rate of liquid 
flow into the electrode tank. A continuous circulation of 
the electrolyte is maintained by the pump. Circulating 
water in the cooling coils restricts the electrolyte tem- 
perature and disposes of the lost heat. The weir is moved 
by a lever from which is also actuated the master switch 
governing the primary contactors. 

A number of advantages are offered by the liquid 
rheostat controller as compared with magnetic control 
for the secondary of large wound-rotor induction motors. 
The fact that the resistance is reduced gradually, rather 
than in steps, causes the acceleration to be uniform and 
eliminates irregular strains, as on a mine hoist cable, for 
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instance. Exact speed control is possible, due to the 
infinite number of resistance values as compared with 
definite steps of resistance short-circuited by magnetic 
contactors. The circulating water disposes of large quan- 
tities of heat which arise from operation at reduced 
speeds. Alternating-current magnetic contactors for 
large equipments are rather bulky and severe in opera- 
tion. The amount of grid resistance required may be 
large. The cost of the magnetic control is generally 
higher than the liquid rheostat control. The principal 
advantage of magnetic control is the absence of liquid 
and freedom from corrosion troubles. 

The liquid slip regulator is a device for regulating 
the secondary resistance of a wound-rotor induction 
motor both while starting and while running. Its pri- 
mary purpose is to regulate the slip of the motor by 
varying the secondary resistance to conform with load 
changes, as desired. Regulators of this type are most 
commonly employed in connection with motors driving 
flywheels. It is then desired that the motor handle 
directly all loads up to a stated amount and that the 
flywheel absorb all peaks above this. This can be accom- 
plished only by causing the flywheel and motor to slow 
down sufficiently to relieve the motor of the excess peaks 
and transfer the peaks to the flywheel. 

The liquid slip regulator comprises essentially a tank 
containing the electrolyte and a movable electrode unit. 
There are three separate pairs of electrodes, one fixed 
and one movable electrode for each phase. In one design 
the fixed electrodes are attached at the bottom of earthen- 
ware pots which are suspended from the bottom of the 
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FIG. 2. DIAGRAM OF CONSTRUCTION OF LIQUID RHEOSTAT 


tank. This construction is shown in Fig. 4. In another 
design, the electrodes are located at the bottom of the 
tank and are separated by ordinary sewer tile barriers. 
The stationary electrodes have terminals to which the 
secondary leads from the motor are connected. The mov- 
ing electrodes are suspended from a cross member and 
are electrically connected to form the Y of the secondary 
circuit. Above the tank is mounted a torque motor which 
supports two balance arms, one at each end of its shaft. 
One end of these beams supports the moving electrodes 
and the other end supports an adjustable counterweight. 

Figure 5 is a schematic diagram showing the elec- 
trical connections of the apparatus. The two oil switches 
are for reversal of the primary connections. It should 
be noted that the torque motor is supplied from a special 
current transformer connected in the primary circuit of 
the main motor. The torque developed by this motor 
therefore varies with changes in load of the main motor. 
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The moving electrodes are slightly heavier than the 
counterweight so that the torque motor must exert an 
effort in order to lift the moving electrodes and separate 
them from the stationary electrodes. When the main 
motor is lightly loaded, the fixed and moving electrodes 
nearly touch each other, so that the secondary resistance 
is small. The instant a peak load occurs, sufficient torque 
is developed in the torque motor to separate the plates. 
This introduces secondary resistance and increases the 
slip. A small movement of the electrodes causes a large 
increase in resistance, if the liquid is of the proper 
conductivity. 





FIG. 3. LIQUID SLIP REGULATOR FOR USE WITH WOUND- 
ROTOR INDUCTION MOTOR 


Both the voltage and the current of the torque motor 
change with the load current of the main motor. The 
torque of the latter, therefore, varies as the square of the 
main motor current. A small change in main motor load, 
therefore, produces a relatively large change in the ef- 
fort of the torque motor, which is sensitive in action. 
The plates will continue to separate as long as there is a 
tendency to overload the motor. After the peak is over, 
the moving electrodes approach the stationary electrodes 
at such a rate as to maintain the main motor current at 
the maximum value for which the regulator is adjusted, 
until the flywheel is brought back to maximum speed. 

There are three common methods for controlling 
wound-rotor induction motors operating in connection 
with flywheels. The most simple method employs a fixed 
secondary resistance sufficient to cause 10 to 15 per cent 
slip at full load. This arrangement is commonly em- 
ployed for motors of small and medium sizes. It is open 
to some disadvantages. The flywheel effect is not used 
most effectively in that the flywheel begins to function 
as any load comes on. It may therefore be slowed down 
and much of its energy absorbed before peak load values 
are reached. As the secondary resistance is always in 
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circuit, losses occur at all loads, decreasing efficiency. 
The amount of slip is limited so that peaks cannot be 
restricted to a definite value. 

Magnetic control with a notching back relay is often 
used. This is not as responsive in action as the liquid 
slip regulator and does not permit of so wide a range of 
values of secondary resistance. 
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DIAGRAM OF CONSTRUCTION OF LIQUID SLIP REGU- 
LATOR SHOWN IN FIG. 3. 





FIG. 4. 


With slip-regulator control the motor maintains its 
speed under load, having the characteristic curve AC, 
Fig. 6. Up to the point C on this curve, the motor as- 
sumes nearly all the load and conserves the energy in the 
flywheel. The motor load is then restricted to this value, 
the action of the regulator being such as to throw the 
excess load onto the flywheel as the speed drops. After 


PERCENT RPM. 





PERCENT LOAD 


CURVE AC SHOWS MOTOR SPEED WITH SECONBARY SHORTED 
ovine rl — AT ar LOAO OF 3 PERCE 

cu 0D SHOWS MOTOR SPEEO WITH, RESISTANCE IN THE MOTOR 
SECONDARY To CWE A SLIP OF 1§ PERCENT AT FULL LOAD. 
FIG. 6. SLIP CURVES OF AN INDUCTION MOTOR WITH WOUND 


SECONDARY 


the peak is over, the motor continues at this load until 
the flywheel is brought back to speed C. Then the load 
drops off along the curve CA. 

The point at which the slip regulator functions to 
relieve the motor may be adjusted by changing taps of 
the current transformers, by adjusting the counter- 
weights and by adjusting the secondary resistance of the 
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torque motor. Small adjustments are made by the coun- 
terweights. As the regulator limits the motor power de- 
veloped it is obvious that the regulator must not function 
too quickly with respect to the average demand, as it will 
then be impossible to obtain sufficient output from the 
motor to maintain operation. With a given load cycle 
to be performed, a given flywheel and a limited permis- 
sible slowing down of the motor, the energy which the 
flywheel can convey is definitely restricted. The motor 
must assume the balance of the load during the peaks. 
Periods of light load during which the flywheel may be 
accelerated, must be sufficient to offset the demands made 
upon the flywheel. With these limitations in view, the 
slip regulator may well function at a minimum permis- 
sible load in order to smooth out the demand upon the 
electric power system as much as possible. 
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In starting a wound-rotor induction motor equipped 
with a slip regulator, the electrodes are separated their 
maximum distance. The current inrush in starting is 
determined by this distance and by the conductivity of 
the liquid. As the starting current falls off, the moving 
electrodes approach the fixed electrodes, maintaining the 
current at value C until the flywheel is fully accelerated. 
A no-voltage trip releases an auxiliary counterweight 
which causes the electrodes to separate whenever the 
power is off. This protects against starting the main 
motor with secondary resistance short-circuited. 


THE MAN who goes into anything he likes is the one 
who succeeds. Hold yourself superior to your fellows 
and you court disfavor. 
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Trouble Hunting---I'V 


By JouN PIERCE 


N THE chapter of my journey through this land, I 
had just been introduced to the place where my 
‘‘troubles’’ were to start. I was informed that we 

worked three eight-hour shifts on. most of the work, 
while a part of the shops were one-shift shops. 

I learned that the first thing in the morning all the 
different departments had to have their oilers and 
greasers at my office on the stroke of eight, that they 
might get their requisitions for lubricants and waste. 
This first morning they were there, not knowing a change 
had been made in masters. The second morning, they 
were very ‘‘dilatados,’’ meaning that they sauntered 
along as they felt like it. This is the custom here, to 
try to see how much they can, in a nasty sneaking way, 
make things disagreeable for the gringo. The third 
morning, all were there just a little before eight, as 
those who were not prompt on the second morning were 
not only discharged then and there, but the various 
departments outside the mechanical department had 
orders not to take them on. 

One of my troubles in giving orders, rather requisi- 
tions, on the warehouse for supplies was that in Mexico 
they do not speak good Spanish. They, the educated 
ones, know pure Spanish as well as the Spaniard himself; 
but since the peon has a dialect of his own, it seems as 
if everybody uses the peon dialect in preference to 
Spanish. This has been explained as so because the 
Mexican, great and humble, has an inherited hate for the 
white man, whether Spanish, gringo, or of any other 
white race. It is true the gringo is the most despised 
simply because he is the most envied. So that in giving 
requisitions in Spanish the oilers know only the peon 
names for the various things, and it was either take the 
trouble to teach them the proper names, or learn the peon 
language myself. So I applied several hours each day, 
and soon mastered the new way of speaking. 

Since the narrow gage tracks were being constantly 
used with heavy cars running over them, and no night 
section men working, I concluded to go, directly after 
issuing requisitions each day, over my tracks and note 
their condition, as I was intending to systematize my 
work. This track was the slag track and parts of it 
were constantly being moved farther and farther toward 
the edge of the slag dump, and was subject to severe 
strains. It was frequently flat in places instead of being 
higher on the outer side, and it was not a rare thing 
to have the car, while being dumped, to go right on 
over the dump. Then in addition to damage to ear, 
there would be a big account piled up in getting the car 
back around a mile of dump and on the rails again. 
This happened so often that the cars were always un- 
coupled and dumped separately so that in case they 
went over they would go alone. 

I raised the outside rail about 2 in., which helped; but 
at times flat places would happen in spite of ‘this, so that 
I made, as a cure for this ‘‘trouble,’’ a number of chains 
—very heavy material, with hooks on each end—each 
train carrying its own chains, and in dumping it re- 
quired only half a minute to hook one end over the 
frame of the car and the other under the inside rail. 
Using this chain, no more cars went over the dump; and 


whenever I found a brakeman who did not use his chain, 
I had a new brakeman. It was rather hard at first, 
for if they thought I was nowhere in sight they would 
neglect to use it, being so infernal lazy that it was easier 
for the company to lose a few hundred dollars on an 
overturned car than it was for them to wrestle with a 
40-lb. chain. 

In making my first round over my narrow gage, I 
noticed a very peculiar way of supporting the trolley 
line. On a straight track, it would not have been so bad; 
but these tracks were in a large circle and there was a 
constant side strain on the trolley. Even at that, had 
there been no heat they would have lasted much longer 
than they did. I am referring, of course, to the sup- 
ports, or ‘‘hangers,’’ carrying the trolley. I am making 
a rough sketch, showing the manner in which the trolley 
line was built and how I found it; showing also the 
means employed to remedy the defect. Prior to making 
this change, the expense was considerable, as it required 
a crew of three men working 8 hr. a day replacing the 
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hangers, and causing considerable grief in the engine 
room owing to the trolleys coming loose and swinging in 
against the post, and naturally kicking out the circuit 
breakers in the power house as the rails were banded 
and carried the return circuit. 

The ties were of metal and every 25 ft. one extended 
beyond the others as illustrated. The braces and sup- 
ports show for themselves the construction, the ring, 
marked ‘‘1,’’ being used to hold an insulator, the in- 
sulator telescoping into itself, being made in two pieces, 
and the trolley lug, carrying a stay bolt which went 
through the two pieces, not only holding them together, 
but supporting the trolley line as well. As I have said, 
the intense heat from the molten slag would melt these 
insulators and the side strain would pull the stud bolt 
either entirely out of them and over against the post, or 
against the iron ring, causing a dead short. - 

I started at the first post and began inserting at the 
points marked 2 and 3 a plain porcelain ‘‘ Johnny ball’’ 
or strain insulator. After a year’s time these were still 
in place and showed no signs of wear. Not a single one 
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of them had failed, and as a result the company was 
ahead considerable as regards the wages of the crew 
heretofore used in repairing this line, as well as the 
many delays caused along the entire line by the circuit 
breaker being out. 

Reaching the end of my first inspection, I came to 
what is known as the ‘‘brick mill.’’ In most smelters, 
especially copper and silver smelters, lead is hard to hold, 
going to waste as a gas, or carrying over in smoke. For 
this reason there is generally a large, long horizontal 


flue built, all smoke and gas going through this before 


reaching the stack. Many smelters have a large building 
of brick, stone or cement, so arranged that bags can be 
hung inside, and so divided that all the smoke and gas 
must pass through these series of bags, thereby catching 
all the arsenic, sulphuric acid, lead, ete. Others depend 
solely on the length of the flue, expecting these many 
products to precipitate before having reached the stack. 
But, regardless of the means employed to catch this 
‘*flue dust,’’ so-called, it is taken to the ‘‘brick mill’’ 
and wet down, pressed into bricks, and ‘resmelted, or 
shipped to some point where they have special means for 
treating it. 

This particular brick mill was driven by a 50-hp. 
direct-current motor that was giving lots of trouble. The 
Mexicans are generally taught that to fool with the elec- 
trical contrivance means certain death from it, other- 
wise they would steal the very current from the lines. 
This motor would be cleaned up during its idle hours 
by the men kept for cleaning motors, but after running 
a while would have to be shut down, and a cleaner sent 
for to clean it again; otherwise it sparked so that the 
Mexicans would not stay near it. Of course it was orig- 
inally placed where the most dirt from the mill could 
reach it, and this ‘‘flue dust’’ was very bad about getting 
into places where, apparently, nothing else could get in. 
I looked the motor over and found that in some way 
there were several of the mica bars nearly gone from 
between the segments, and this dust getting in between 
caused the sparking. The mill was down at this time, 
the company getting ready to send the armature out to 
the States and have the commutators repaired. 


I made inquiries whether we had any commutator 
compound and was informed that we had. I ordered the 
chief electrician to clean the slots thoroughly, and fill in 
with the compound, and report results. Well, he got 
commutator ‘‘dressing’’ and filled them up. He re- 
ported that it worked all right, but wasn’t lasting— 
said it would not stay in the slots. So I went down and 
looked at it again. I couldn’t get mad because the stick 
really had printed on it ‘‘Commutator Compound’’; so I 
took the fellow to the warehouse where we found what 
we were looking for. The old master told me he never 
eould figure out what this stuff was for. We warmed 
up the commutator somewhat and applied the cement. 
After it was thoroughly set and cold, we dressed it down 
and put the old motor to work. I passed through there 
just a few days ago and found it still working, and the 
cement still holding. 

From the brick mill I visited the fuel oil pumping 
station. This was located some three-fourths of a mile 
from the boiler house and was both steam and motor 
driven. The motor driven triplex had but little capacity, 
so the station was equipped with three large duplex 
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steam pumps. Two of these were in very good condi- 
tion and kept nice and clean. Asking the pump man 
why the other was left so dirty and nasty, he replied that 
it was no good, said it had metal valves and they were 
so heavy that the pump could not lift them. So this 
pump was not used at all. Of course, being a Mexican, 
he could not see the sense in cleaning the pump if it 
was not to be used. 


The only wonder is that he cleaned the ones that were 
in service. I knew, however, that there must be a nigger 
in the woodpile some place, so I had her opened up and 
no oil flowed though I had opened the valves from a 
storage tank 30 ft. higher than the pump. At that I 
uncoupled the flanges and took out the globe valve some 
several feet from the pump and found a gunny sack 
under the valve. The fellow said he had no idea any- 
thing like that could stop the pump, as the pump had a 
very large steam cylinder and should be very power- 
ful. He could not reason the same way, though, as to 
raising its heavy valves. The man told me that pump 
had never been used in 7 or 8 yr. on that account. 
I found, too, that 150 lb. of steam at the boiler did not 
get to these pumps, through a 2-in. line in very good 
shape, and I found that at places the steam line ran 
through the water seeping away from the ‘‘matte’’ 
yards where they turn streams of water on the ‘‘matte’’ 
to cool it. I found we had plenty of air, one air pump 
being large, and so substituted air for steam, making a 
very much snappier pump, and a noticeable difference 
on the boilers. 

Coming back, I met my chief machinist who com- 
plained bitterly over the fact that some new tool steel 
just received would not ‘‘stand up’’ and do its work. 
Upon inquiry, I found that the steel in question was 
‘‘blue chip’’ high speed steel, and should have been 
the equal of any. The smith, however, could do nothing 
with it, and I began to think we had really got some bad 
metal. But I finally gave it a fair temper and then 
dressed off one sixty-fourth all round on the emery, 
brought it to an almost white heat and ‘‘plunged’’ it 
into a strong brine solution. That solved the question 
of the ‘‘standing up’’ qualities, and I, as well as my 
smiths and machinists had learned something. Since 
then I’ve tried this on several high speed steels and 
found it excellent. I have tried the plunging after 
shaping and heating without first dressing off the outer 
surface and found that it did not work at all satis- 
factorily. I am not a good enough metallurgist to be 
able to tell why taking off this outer surface helped any, 
but she does. 

The rest of this, my first day, I spent in my office 
learning the routine of reports. I had two good men, 
one a bookkeeper and one a timekeeper, for my office, but 
I naturally wanted to learn just what I was signing 
Uncle John’s name to, and in taking the trouble to look 
into the office end of it I found many little errors in his 
methods of calculation, and a few large ones. All of 
which, of course, made no difference in the money spent 
for upkeep, but which did throw one off a great deal 
when figuring for new appropriations, and basing them 
on the results shown from the reports going out of my 
office. Some of these errors will be explained in my 
future letters—por ahora hi dicho bastante. (Have 
said enough for now.) 
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U-Tube Takes Place of Trap 


Fo.Lowing is a description of a method of handling 
the condensate from a 15 lb. pressure system without 
the use of a trap, as accomplished in a Western sugar 
refinery. 

In this refinery, sugar is boiled by means of exhaust 
steam, the pressure on this exhaust system varying 
from 6 to 14 lb. gage. The vacuum pans themselves 
consist of a cast-iron shell in which is maintained a 
vacuum of approximately 24 in. of mereury and in 
which the sugar solutions are boiled to crystal sugar. 
The boiling is done by the heat given up to the sugar 
solution inside the pan, the source of the heat being 
steam filled copper coils. 
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U-TUBE PIPING ARRANGEMENT TO DRAIN VACUUM PANS 


Thus as the sugar solutions boil, and as the sugar 
is formed the steam condenses into water in the coils 
and has to be led off or drained out of the coils. The 
general method by which this is accomplished is to use 
a battery of traps, handling the condensate and return- 
ing it to the boiler room feed tank. These traps, 
however, are generally a constant source of trouble 
as every engineer knows, and in order to eliminate 
their use the following U-tube system was devised. 

The vacuum pans are on the sixth floor of the build- 
ing and the boiler room feed tank is on the first floor 
of the main building. The sixth floor has an altitude 
of about 120 ft. and the first floor is the ground floor. .. 

As shown in the sketch, a line was run from each 
pan from the sixth floor straight down to the first 
floor and all of them connected into a manifold, each 


line containing a valve. Then from this manifold the 
other half of the U-tube was run up to the fourth 
floor—an altitude of about 75 ft.—carried over across 
the fourth floor and dropped down to the boiler room 
feed water tank. 

Since this U-tube system was installed, no trouble 
has been experienced in draining the pans. 

CLAUDE Brown. 


Muffler and Water Eliminator for Air 


Compressor 
THE ACCOMPANYING drawings illustrate two appli- 
ances that are giving us entire satisfaction in our plant. 
Figure 1 is a muffler on two Ingersoll-Rand air com- 
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FIG. 1. MUFFLER ATTACHED TO UNLOADER OF AIR 
COMPRESSOR 


pressors: the water eliminating tank, Fig. 2, is out 
in the factory on the air system. The muffler is made 
from a joint of old, 12-in. exhaust pipe. It is placed 
on the discharge line from the unloader with a 1-in. pipe 
leading to atmosphere above the roof. A tee is placed 
on the end of the 1-in. line and %-in. fittings screwed 
on facing each other. The air discharges from each 
against the other, doing away with that objectionable 
noise. 

The water eliminating tank shown in Fig. 2 is made 
from a piece of 8-in. pipe about 7 ft. long. A bent 
2-in. pipe is screwed into the head extending down 
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into the tank about 5 ft. and has a nipple 7 in. in 
diameter by 9 in. long screwed on the end with a 2-in. 
nipple inside of that, as illustrated, each fitted with a 
cap. Each one of these nipples is drilled full of 14-in. 
holes and a drain pipe is attached to the bottom of the 


2°k 6” NIPPLE 
WITH CAP 





FIG. 2. WATER ELIMINATOR FOR COMPRESSED AIR LINE 


tank to drain the water off. This operation is made a 
matter of routine once a day. We use air for brazing 
wire which could not be done without this tank to get 
the water out of the system. We have six of these 
and no water troubles. W. I. Crawrorp. 


Flywheel Safety 


ReGarpinG flywheel explosions that I have investi- 
gated, I have made it a point to hear the inspector’s 
verdict, and rarely does it occur that they can give a 
clear reason for the wreck. Most of us engineers have 
our wheels insured, but what does it amount to by way 
of prevention?’ Boiler inspectors come around and 
make us try safety valves, water columns and blowofts, 
which is a practical inspection; but the wheel inspector 
will come around and take a look at the wheel while it 
is running and go away in 2 min. and insure it for a 
stipulated sum, and when it gives way it will compare 
favorably with a boiler explosion. 

I believe that a flywheel inspector should be a prac- 
tical engineer well versed in the valve setting of differ- 
ent types of:engines and everything that pertains to 
speed regulations. Who ever heard of a wheel inspector 
coming in and looking over the valve gear to see if it 
is safely set in case the governor should slow up 
because of lost or greasy belts? I never have in my 
25 yr. of experience. I believe that a wheel inspector 
should be required by law to come into a plant prior 
to shutting down time and try out the engine. If a 
drop cutoff, he should push the governor up to the top 
with throttle wide open to see what happens and notice 
whether the steam valves open enough to uncover the 
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port. Then have somebody shut the throttle while the 
governors are in this position, and let the governors 
come down slowly with the safety pin left out to see 
whether steam valves pick up when the governor is rest- 
ing on the bottom with the safety pin out, although 
these may be tried while the engine is stopped. 

Governor belts saturated with oil are as dangerous as 
any valve gear defects because they may slip little by 
little and then the governor will slow down and the 
cutoff will lengthen when you are not around and the 
result will be that the engine will race. 

High-speed engine governors may be blocked out to 
extreme, and slightly less, as these engines have much 
more steam lap and though the valve may have an inch 
travel in some engines, yet insurance companies would 
not take the risk they do without making these simple 
tests. I always make it a point toe try out engines in 
the above-mentioned ways as soon as possible when tak- 
ing a new job and I have found most of the drop cut- 
off engines would go to pieces if the main belt had ever 
come oft or had broken. I have found that many engi- 
neers do not think seriously on this point, taking for 
granted that things look to be all right. 

Another serious defect that I believe has caused many 
wrecks is the dashpot; yet I never heard of a verdict 
where the dashpots were blamed, because if these hold up 
1% in. and even less, they will open the valve and with 
1/16 in. opening of ‘a multiported valve a flywheel will 
stand no show after the main belt breaks, or load is 
suddenly taken off. Especially is this true of double 
eccentric engines because the steam valves have but 
slight steam lap when the dashpot is hard down. I have 
seen only 1/16 in. in some engines, yet who ever heard 
of a wheel inspector even questioning us about these 
causes before taking our insurance? 

It does not take a great increase of speed to double 
the stress in a flywheel because the stress increases as 
the square of the speed and doubling the speed increases 
the stress four-fold. A cast-iron wheel may have a ten- 
sile strength of 18,000 Ib. per sq. in., but insurance com- 
panies maintain that it is not safe to assume a strength 
in excess of 10,000 lb. per sq..in. for such material used 
in cast-iron flywheels. A solid wheel made of the above 
assumed strength may be expected to go to pieces when 
having a peripheral speed of 28,800 ft. per min., accor- 
ding to rules laid down for calculating rim stress. Ac- 
cording to experiments, it has been customary in flywheel 
calculations to take it for granted that ordinary flanged 
wheels have a strength of only 25 per cent of that of 
a similar solid wheel. The wheel made with link joints 
in the rim is 60 per cent that of a solid wheel, and the 
wheel having pad joints is 50 per cent of the solid wheel. 
It is understood that these factors or efficiencies relate 
1o the stress in the rim and not to the velocity of the 
wheel. This should be remembered because the stress in 
the rim varies as the square of the velocity. A flanged 
wheel, for example, which has a strength equal to one- 
quarter of that of a similar solid wheel will burst when 
its speed is one-half of that at which a similarly con 
structed solid wheel would burst. From the foregoing 
it follows that a link joint wheel would be expected io 
burst when tbe linear velocity of. the rim is about 20,000 
ft. per min,, a padded joint wheel when the linear veloc- 
ity is about 16,200 ft. per min. and a flange joint whee! 
when the speed is 12,900 ft. per min. Wheel inspectors 
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should inspect the wheels at times and also the engine 
valve gear to ascertain whether there is any possibility 
of the engire’s running away. 

A. C. Watpron. 


Indicator Diagrams 
INDICATOR diagrams Nos. 1 and 2 were taken from the 
same engine, no adjustment being made. In No. 1 
the dashpot did not drop down all the way, holding up 
the expansion line as shown. Diagram No. 2 was taken 
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sure was 8 lb. on card No. 5; 16 lb. on card No. 6; and 
27 lb. on card No. 7. This gives a good illustration of 
steam lines and cutoffs for the various pressures. 

Tom JONES. 


The Why of the Steam Separator 


Many engineers do not seem to realize the impor- 
tance of the steam separator. There are more cylinder 
troubles caused from not having the steam lines prop- 
erly equipped with steam separators and these properly 


with the dashpot acting properly. 





























FIG.3 





trapped, than from any other cause. These are not so 





























FIG.7 


INDICATOR DIAGRAMS, GOOD AND BAD 


Diagram No. 3 was taken from the high-pressure 
cylinder of a tandem compound engine. Among other 
bad points, the improper closure of the dashpot on head 
end is prominent and head end compression is too high. 
We made considerable change on this engine before we 
obtained satisfactory cards. 

Diagram No. 4 looks queer, being taken with the 
angle valve on the indicator pipe only partly open. 
There was a three-way cock in the middle of the pipe, 
and angle valves at the corners. These were partly 
opened to warm up the pipe, and later on the diagram 
was taken without opening them farther. 

Diagrams No. 5, 6 and 7 were taken from a cross 
compound. Corliss low-pressure cylinder, no change in 
valve setting being made meanwhile. The receiver pres- 


necessary when using superheated steam as with satu- 
rated steam, as there is not so much condensation to be 
eared for when using superheated steam; but even with 
the latter, it is very important to have separators and 
traps, as there will always be a certain amount of con- 
densation regardless of whether superheated steam or 
saturated steam is being used, and all boilers are more 
or less subjected to priming, and when priming takes 
place the separators and traps will relieve the steam 
cylinders of at least a part of the water that would 
otherwise enter them. 

It is almost impossible properly to lubricate an en- 
gine or pump not equipped with a steam separator. The 
hot water will wash the oil off the cylinder wall and it 
will pass out with the exhaust, leaving the cylinder dry 
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and soon it begins to ‘‘groan’’ and when the head is 
removed for examination, the walls are found scored. 
If anything like good lubrication is to be obtained un- 
der these conditions, it will be necessary to use an exces- 
sive amount of oil. The separators and traps will soon 
pay for themselves in the oil saved, to say nothing of 
relieving the wear on the cylinders. 

Loose pistons are sometimes caused by water enter- 
ing the cylinder and being trapped between the cylinder 
head and the piston; the water having no way of escape, 
causes an elongation of the piston rod at the weakest 
point, which is usually where the rod is turned down 
to enter the piston. In the ease of a 500-hp. Corliss 
engine, the piston would become loose two or three times 
each week. All kinds of lock nuts and washers were 
designed and put on the rod to prevent the piston from 
becoming loose, but to no avail. Finally somebody sug- 
gested that a steam separator and trap should be put 
on the steam line, as the engine was very hard to lubri- 
eate. It was never thought that this would also cure 
our piston trouble. The separator and trap was installed 
and at the same time we decided to tighten up the pis- 
ton nut and make it a good job, which was done. Some- 
body remarked a few months later that that piston had 
not been loose since the separator and trap was installed. 
It was easy to reason out the ‘‘why.’’ 

It is useless to install separators without traps and 
both are useless unless the traps are given enough atten- 
tion to keep them in good working condition. If the 
traps are allowed to blow live steam, they are very 
wasteful of fuel and are worse than useless. Traps, like 
other machines around the plant, require a little of the 
engineer’s attention if they are to operate satisfactorily. 

Wiuiam M. McNEI. 


A Good Way to Wet Down Coal 


SIncE writing the article on this subject which ap- 
peared in the July 15 issue, I noticed a rather novel 
method of wetting down coal in vogue at a plant using 
a good grade of coal, but one that runs high in fines. 
This method consisted of wetting down the coal im- 
mediately before it went to the furnace instead of 
wetting it down before it went into the coal hoppers 
above the stoker hopper, the customary practice. A 
small pipe was installed along each boiler and a per- 
forated pipe located horizontally above the stoker hop- 
per, as shown in the accompanying illustration. A 
valve alongside the stoker speed control enabled the 
rate of water flow to be regulated. 

The reason that this arrangement appeals as being 
particularly interesting and perhaps worthy of being 
passed along to others & that watering the coal in this 
way permits close control of the water content added to 
the fuel; the fireman will attend to this matter more 
elosely than the laborer. The operation becomes auto- 
matic. Any trouble that occurs, due to coal sticking 
in the chutes, becomes less likely when dry coal is used 
instead of wet coal. Coal is slightly corrosive when 
dry, perhaps; it is very corrosive when wet. Wetting 
the coal immediately at the stoker hopper instead of 
before it enters the coal-conveying machinery and main 
eoal hopper means that whatever corrosion is due to 
wetting will occur at the stoker hopper. Corrosion 
will be confined to a small area and to a piece of equip- 
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ment that is comparatively cheaply and very easily 
replaced. These advantages are worthy of considera- 
tion. 

Going a little further, it might be worth while to 
use hot instead of cold water for wetting down. There 
is generally plenty of hot water going to waste. Every 
degree of temperature increase of the water used for 
wetting down means that much less heat required later 
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to be extracted from the furnace to heat and evaporate 
the water. The use of hot water is thus a direct gain. 
Corrosion would, however, be somewhat accelerated, 
but not enough to offset the benefit of hot water. 

R. K. Lona. 


Engines Shook Buildings Two Blocks Away 


WHILE TALKING to an engineer the other night, I 
was told of an interesting engine installation in the 
Middle West that gave trouble for quite a while. 

Two engines alike, direct-connected to generators, 
were installed side by side. They provided the city 
with current both day and night. Part of the time 
one was operated, part of the time the other, and dur- 
ing heavy loads they were operated in parallel. 

When operated separately things weren’t so bad. 
The building shook and some people claimed that out- 
side buildings shook also, but the shaking was endur- 
able. When both were run together, however, going at 
the same speed, in unison, the ‘plant was the laughing 
stock of the town. The builders of the engines were 
gaining for themselves a very undesirable reputation. 

After a while, the manufacturers sent one of their 
engineers out to pry into the case, and, as so frequently 
happens, he found that the solution was simple. He 
found that the erection men had twisted things around 
somewhat—had put valve belonging to engine No. 1 
on engine No. 2, etc., the erection men evidently think- 
ing that all engines of the same size and same make 
are strictly interchangeable. 

Upon putting the correct valves on the correct en- 
gines, and changing things around as they should have 
been in the first place, the vibration trouble disappeared. 

N. G. NEAR. 


U. S. Crviz Service CoMMISSION announces an exam- 
ination (receipt of applications to close Oct. 11) for 
mechanical engineer (for vehicular tunnel work), to fill 
a vacancy in the Bureau of Mines, Department of the 
Interior, for duty in the field, at $325 a month. ~: 
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What Can Be Done? 


HEREWITH ARE two indicator cards taken from a 
14 by 16 in. uniflow engine, belt exhaust, driving a 40-T. 
refrigerating machine at 150 r.p.m. 150-lb. boiler pres- 
sure, head pressure 175 lb., back pressure 20 Ib. 
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I would like to know if this card can be improved 
upon on this type of engine and why the loop at point of 
admission. Is this due to the high compression in the 
steam cylinder? A. E. L. 


Operation of Centrifugal Pump 


I AM operating a 10-in. centrifugal pump, belt con- 
nected to a 75-hp. induction motor; 240 v., three-phase. 
The 12-in. suction is vertical with about a 12 ft. lift. 
The 10-in. discharge pipe is fitted with check and gate 
valves. 

The operating orders are that in starting and stop- 
ping the pump the gate valve must be open full. 

What injury, if any, would be caused to the installa- 
tion if the discharge valve be closed in shutting down 
before the motor is cut out of the circuit, or if in start- 
ing, the discharge valve remains closed until the pump 
is up to speed ? 

The foot valve is fitted with strainer about 1-in. mesh, 
supplied by the manufacturers of the valve. A galvan- 
ized wire net of about 3¢-in. mesh has recently been 
placed over this strainer. Since installing this net, the 
foot valve becomes clogged occasionally. What effect 
does the stopping up of the foot valve have on the power 
consumption ? J.C. L. 


Welded Joints for Steel Stacks 


ON PAGE 876 of the Sept. 1 issue of Power Plant 
Engineering, J. J. C. wishes information on welded 
joints for steel stacks. 

I must say that the old riveted joint stack has given 
many of us plenty of trouble on account of the corrosive 
action around the rivets, and the plates giving way be- 
tween the rivets, thus weakening the joint until the stack 
collapsed. The gases on the inside and exposure to 
moisture and atmospheric conditions on the outside have 
much to do with the wearing away at the joints of steel 
stacks, especially those constructed of thin metal. 


There are many large steel stacks made of plate 14 or 
3% in. thick which wear away rapidly, both on the rivets 
and between them unless they are lined with asbestos or 
fire brick to protect them from the heat and gases on the 
inside, and kept well painted on the outside. 

When this corrosive action reaches a stage to cause 
thinning of the plates around the rivets, the reinforcing 
strength of the two plates is greatly weakened and the 
tendency of the wind to cause the stack to collapse is in- 
creased, hence it is necessary with high stacks made of 
thin metal to have a lap at the joint as a reinforcement. 
Where riveted, this ring is apt to buckle between the 
rivets; therefore, it is far better to have the joints 
welded, if it is done in such a manner as to add to the 
thickness of the metal, which is the general procedure. 
This makes a solid thick ring at the joint and there is 
better reinforcement, and there are no cracks or crevices 
between the two plates in which corrosive action begins 
as soon as the stack is erected. The inside surface is 
generally smoother at the joints, which prevents lodg- 
ment of soot which will absorb moisture, if the plant is 
shut down for any length of time. Holding the moisture 
at the joint hastens the destruction of the stack. There 
are many stacks being constructed with welded joints at 
the present time. Much depends on the good workman- 
ship in making the weld of the joints. If successfully 
made with added metal for a reinforcement ring, the 
stack will last longer, as the corrosive action of the gases 
will wear away the plate between the joints instead of 
the joints, as is the case with the riveted joint stack. 

R. A. CuLTra. 


Safety Valves in Service 
Ir two safety valves are connected together, one 
blowing off into the inlet of the other, will both valves 
blow at the same pressure? How about the back pres- 
sure on top of the valve dise nearest to the boiler? What 


boiler pressure will be required to pop them? 
. L. 8S. F. 


Power to Compress Air 

UNDER THE heading, ‘‘Power to Compress Air’’ on 
page 826 of the issue of Aug. 15, the question of the 
power required for a 25 by 15 by 18-in. two-stage com- 
pressor with intercooler, compressing to 55-lb. gage at 
70 r.p.m., is discussed. It appears to me that a rather 
important factor, namely, the volumetric efficiency of the 
machine, has been neglected. 

In my opinion, the analysis should be as follows: 

The piston displacement of the machine in cu. ft. per 
min. at 70 r.p.m., neglecting the volume of the piston 
rod, is: 

25 & 25 X 0.785 K 1.5 K 2 KX 70+ 144 = 715 eu. ft. 
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A good modern compressor similar to the one in the 
problem, in first class condition would probably show a 
volumetric efficiency of approximately 85 per cent. This 
means that the actual air compressed would be only 
0.85 X 715, or 608 cu. ft. per min. and the power to 
compress this air would, therefore, be relatively less than 
if piston displacement and not actual air volume is used. 

The fundamental equation for a two-stage compressor 
with perfect intercooling is: 

Work = W = 2 X 144 X P(V — V,)n + (n—1) 
[(P?+P) (2—1) +2 ]] ft. Ib. 

Where P = absolute initial pressure in lb. per sq. in. 

P! — absolute discharge pressure in lb. per 
sq. in. 

(V — V,) = actual amount of free air compressed. 

n= the exponent in PV? = K. 

Now assuming that n = 1.3, the horsepower would be, 
Hp. = 2 X 144 X 14.7 X 608 X 0.195 XK 13 + 
(0.3 33,000) = 66 hp. 

Now assuming a mechanical efficiency of 85 per cent 
for the mechanism of the engine and compressor the 
indicated horsepower of the steam cylinders would be 
66 — 0.85 = 78 hp. 

The difference between 92.5 hp. and 78 hp. is 14.5 hp., 
or approximately 18.5 per cent. It is apparent therefore 
that the volumetric efficiency should always be considered 
when computing the amount of power required for a 
compressor. W. A. SHMIDHEISER. 


Underground Steam Piping; Traps vs. Pumps 

IN READING over some of my Power Plant magazines 
I came across Underground Steam Piping in July 16 
number on page 733. If P. M. patterns after the sketch 
herewith and the piping is underground and well 
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dripped and provision made for expansion, I think he 
would be all right. I would rather have a pipe where I 
could see all parts of it at all times, but 5-in. and 3-in. 
pipes are pretty large and heavy, so that unless the sup- 
porters are pretty close together, they would sag between 
the supports where underground. He could have sup- 
port the whole length and have provision for expansion 
and the cost would not be so much. He could get tile 
that is cracked lengthwise and pack with asbestos and 
have what I eall a first class installation. Another thing, 
if it is underground and he once gets it tight and work- 
ing, it will last a long time and it is safe from the winds, 
while if he puts, it overhead, it is-always in danger. A 
team might run into one of the supports, so I say put it 
under the ground. 

On page 873 of the Sept. 1 issue is an answer to 
Mr. Reed in the June 1 issue. I would say throw away 
all the traps, if the plant is large enough put in a 
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vacuum system in every part of the system if possible. 
I once had charge of a plant with a gravity return 
but the firm grew until I could not do a thing with a 
gravity, so we put in a vacuum return that was reg- 
ulated by 15 lb. of air. We had 45,000 sq. ft. of radia- 
tion surface and we carried 2 lb. of steam on the system. 
I don’t remember having any trouble except that of 
keeping the return valves clean as they would collect dirt. 
I don’t think it would pay to put in a vacuum system 
if a gravity system would work, but just as soon as the 
plant gets big enough then by all means change over 
into a vacuum system and I think it will pay a good 
dividend. H. ARMSTRONG. 


How Can the Hook Be Eliminated? 


THE ACCOMPANYING indicator cards were taken from 
our uniflow under different load conditions. Will the 
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FIG. 3 
CARDS FROM A UNIFLOW ENGINE 


readers of Power Plant Engineering tell me how I can 
improve on them? Why the wavy expansion line on one 
side? Why the hook at admission ? R. A. F. 
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Unit of Evaporation 

IF A ONE-HORSEPOWER boiler evaporates 30 lb. of water 
per hr. from a feed water temperature of 100 deg. F. to 
steam at 70 lb. gage pressure or 85 lb. abs., how is the 
equivalent evaporation obtained, or, in other words, how 
is the amount 34.5 lb. found as the equivalent? 

2. In an ordinary low-pressure heating system, how 
many square feet of radiation should be allowed per 
boiler horsepower ? 

3. In a centrifugal governor in which the balls 
are supported by springs and move in a horizontal 
direction only, is the value of ‘‘g’’ taken into considera- 
tion, i. e., where the equation finally becomes e.f. = 
WRN?0.000,341 ? H. A. A. 


ANSWERS 


Factor of evaporation is equal to the total heat put 
into the steam under actual conditions divided by the 
heat of evaporation at atmospheric pressure. In this 
case, the heat supplied = H — q = 1183.4 — 100 + 32 = 
1115.4, where H is total heat (from steam tables) and q 
the heat of the feed water about 32 deg F. The factor of 
evaporation is then 1115.4 — 970.4 = 1.150. The evap- 
oration from and at 212 deg. is equal to the actual evap- 
oration multiplied by the factor of evaporation, 30 < 
1.15 = 34.5. 

The evaporation of 34.5 lb. of water from and at 212 
deg. per hr. is equivalent to supplying 34.5 « 970.4 = 
33,478.8 B.t.u. Dividing this quantity by 30 and sub- 
tracting 100 — 32 or the heat of the feed water, we find 
that the total heat is 1159.6 B.t.u., which corresponds 
to an absolute pressure of 87.8 lb. or a gage pressure of 
73.1. From this it will be seen that this standard (30 lb. 
from 100 deg. to 70 lb.) is not accurately correct. 

2. <A rule-of-thumb states that for ordinary low- 
pressure heating systems one boiler horsepower should be 
allowed for every 90 to 110 sq. ft. of direct radiating 
surface. 

3. The expression for centrifugal force which is ap- 
plied in the design of a fly ball governor is f = mv” =r 
where m = w - g, weight divided by acceleration due to 
gravity, v, velocity = 2 X 3.14rn + 60. Making this sub- 
stitution we get: f = w(2 X 3.14rn)? + (322 x r X 
3600), which simplifies to f = wrn? X 0.000,341 as you 
have it. 

It will be seen, therefore, that this expression includes 
g,’’ the acceleration due to gravity. 


“ec 


Carrying the Load 


IN THE issue of June 1, on page 580, Operator asks 
for criticism on a set of diagrams; particularly 6, 7 and 
8. These diagrams look very good; in fact, Fig. 8 does 
not look as if the engine were fully loaded, but one can 
not figure the i. hp. from these diagrams; this leaves one 
in the dark as to output. He speaks of having a 250-kw. 
three-phase generator; this probably is at unity power 
factor, but suppose you have only 75 per cent power 
factor, then your generator is only 188 kw. With alter- 
nating current the generator may at any time appear, 
from the volt and ammeter reading, to be carrying full 
load; but in reality, if a wattmeter be used, you would 
find the generator delivering but 75 or 80 per‘cent of its 
rated capacity. te 
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Supposing the ammeter shows 300, the voltmeter 480, 
then the watts would be 480 « 300 * 1.73 = 249.120 or 
250 kw. at unity power factor, but, with 80 per cent 
power factor it would be 200 kw., then the horsepower 
required to furnish 200 kw. at unity and allowing 85 
per cent mechanical efficiency, is 200 ~ 0.746 + 0.85 = 
317 hp. Two stoker fired 72 in. by 18-ft. return tubular 
boilers should carry this engine. 

Here in our plant we run four 72 in. by 18 ft. hori- 
zontal tubular boilers and keep one out for cleaning. The 
safety valves are set to blow at 115 lb., and to let you 
know the load we carry, I submit two diagrams. Figure 
1 was taken from a 261% by 48-in. E. P. Allis Corliss 
engine, running at 75 r.p.m., steam pressure 105 Ib., 
spring 50 lb. m.e.p. 39 Ib., and i. hp. 382.2. 
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FIG. 1. CARD FROM A 2614 By 48-IN. E. P. ALLIS, CORLISS 
ENGINE 
FIG. 2. CARD FROM A 20 By 36 ALLIS-CHALMERS CORLISS 


Figure 2 was taken from a 20 by 36 in. Allis-Chal- 
mers Corliss, direct-connected to a 602 amp., 480 v., 
three-phase generator. When this diagram was taken, 
the ammeter stood 350, volts 480, power factor 90 per 
cent, frequency 60, the exciter 90 volt, 100 amp., the 
i. hp. of engine 436.9. Then 436.9 + 382.2 = 819.1, indi- 
cated horsepower in engines from four 72 in. by 18-ft. 
hand fired tubular boilers. 

L. A. Coup. 


Loosened Boiler Nipples 


In REGARD to the boiler nipples which suddenly 
came loose, as mentioned by M. E. in the Sept. 1 issue, 
page 876, it is found on investigation of the cireum- 
stances that the failure of nipples and tubes was directly 
caused by low water. It was in no way due to the make, 
design or construction of the boiler, and would happen 
to any make or type of boiler under similar conditions. 
The conclusion is, avoid low water. EpIror. 
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At the Mine’s Mouth 


Selecting a site for a steam power plant is a problem 
in cold figures, taking into account, first of all, the losses 
due to transmission of power to the loads to be carried. 
More than likely during the life of the plant the load 
center will shift; this probability must be taken into 
account and calculations made accordingly. Where the 
fuel is to come from, what it shall be, how it shall be 
prepared and its cost at different locations are extremely 
important questions, the answers to which affect greatly, 
in many cases, the choice of the most economical location. 

In most localities, the difficulty of securing sufficient 
water for condensing purposes governs to a great extent 
the choice of a power plant site. Again railroad facili- 
ties must be provided and where these are at hand a big 
expense is removed. 

All things considered, the competent engineer with 
sufficient data can calculate to a very accurate figure 
the difference in cost between power generated at differ- 
ent locations. 

In the selection of the location for the new plant of 
the Penn Public Service Corporation, a most. careful 
survey was made and the site which proved most favor- 
able is at the mouth of a coal mine. In this particular 
case the conditions are especially favorable as will be 
noted in the leading article of this issue. Here the 
condition which limits the size of the plant is the supply 
of water for condensing purposes which is commonly 
the case in all coal mining districts. In other respects, 
this new plant has the same advantages as the metro- 
politan power plant with added advantage of cheap coal. 
The units are large enough to obtain the highest 
economy, the plant is centrally located with respect to 
the load and railroad facilities are the best making 
shipment of machinery, coal and ashes, when necessary, 
convenient. From this plant we have every reason to 
expect the highest efficiency and economy. 


Governors 

In the power plant, controlling devices are met with 
at every turn. They are all different and have to be 
designed to meet entirely different conditions. Take, 
for instance, the steam turbine governor; it is designed 
to allow a certain speed variation under a given load 
change. The sensitiveness of control depends largely 
upon the inertia of the moving parts including the 
steam. Considering the relatively small weight of steam 
in the pipe line and turbine at any particular instant, 
this latter quantity is of little moment. On the other 
hand, consider an hydraulic turbine. Here the momen- 
tum of the water in the penstock or flume, the turbine, 
and the draft tube is the important factor entering into 
the design; in comparison with it the inertia of the 
moving parts of the turbine and its generator is a more 
or less incidental consideration. Designs of this sort 
are usually either subject to considerable abstruse 
mathematical calculation or are based on incomprehen- 
sive empirical relations. An appreciation of the subject 
is of importance to the designing engineer and also to 
the operating engineer to enable him to obtain a suffi- 
cient knowledge of the factors involved in the design 
of his governor so that he may understand the func- 
tioning of his apparatus. To meet this need, John S. 
Carpenter has written a treatise on the subject of 





@ te tet ood mete at 


0 
V 
W 
g 
0: 
m 














October 1, 1921 


hydraulic turbine speed regulation which appears in 
this issue. Full calculations are given but all integral 
and differential calculus has been omitted with the re- 
sult that the reasoning may be easily followed by any- 
one having at his command only the fundamentals of 
mathematics. 


One Million Volts 


To those unfamiliar with the rapid praggess in the 
development of high tension electrical trag@nission of 
power, the recent announcement of the s sful gen- 
eration of power at one million volts mmercial 
frequencies must come with somewhat of # shock; that 
is, as a mental shock. A few years ago, the assertion 
that commercial voltages of a million volts were within 
the range of possibility would no doubt have been re- 
garded as the ungoverned descantings of a visionary 
theorist. Today the feasibility of employing this volt- 
age has been successfully demonstrated in the labora- 
tory. Even before the announcement of these tests 
reached our ears, however, we were, in a way, prepared 
for it, for development in this field during the past few 
years has been so revolutionizing and previous voltage 
limits have been overstepped and new ones established 
with such rapidity that we accept the new high limit 
as a matter of logical consequence. 

The importance of this achievement, however, can 
be by no means underestimated. With a record breaking 
electrical pressure of approximately five times that of 
the highest voltage transmission line now being in- 
stalled, new possibilities are opened up to the electrical 
engineer. Whether this voltage lies within the range 
of commercial development from a financial standpoint 
is a question for the commercial electrical engineer to 
decide. The research engineer has shown that one mil- 
lion volts are available for use if financial considerations 
indicate the necessity. 


Off Duty 


‘‘What ho, there! thou dog of a scoop twirler; stir 
up the conflagration beneath yon steam kettle and heave 
in a scoopful of bituminous or by all the imps of thy 
black profession the enemy shall yet conquer. By 
Pluto! The measuring gage on our trusty steam cannon 
registereth but five and sixty atmospheres and the 
enemy approacheth speedily—shakest thou a leg!’’ 

Such might have been the jargon in the boiler room 
of an ancient fortress where steam cannon were in use. 
Whether such cannon were in vogue in medieval times, 
we admit, we cannot say; but we do know that a steam 
gun created no small disturbance in a certain locality 
of London as far back as 1825. And, if we may be per- 
mitted to use the picturesque language of the present 
day, this gun was no piker, for it operated on a steam 
pressure of over 950 lb. per sq. in., and when it came 
to making noise Big Bertha was a pop gun in compari- 
son; that is, if we may believe the account as written 
in the London Times in November, 1825. 

This gun, which was built by Mr. Perkins at his 
safety steam engine manufactory, near Regents Park, 
it is stated threw the entire neighborhood into great 
consternation by the tremendous reports arising from 
its discharge. In fact, the gun after its first trial was 
not permitted to operate for some time, due to its being 
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Power Plant Slogans 
Keep and Analyze Operating Records in 
Every Power Plant. 
Develop Water Power Sites. 
Promote Health and Safety in Power Plants. 
Handle Coal and Ashes Mechanically. 
Employ Engineers for Engineering Work. 











the cause of a fatal accident. It seems that a lady was 
thrown from a gig in consequence of her horse having 
taken fright at the ‘‘prodigious noise made by the ter- 
rific engine of destruction.’ Some time afterwards, how- 
ever, after the neighborhood had been duly warned of 
the impending disturbance an official test was made in 
the presence of the Duke of Wellington, the Master 
General of Ordnance and a committee of Artillery and 
Engineer officers, who it appeared had been officially 
appointed by his Grace, to examine into the merits of 
‘this wonderful specimen of human ingenuity and de- 
structive power.”’ 

‘Shortly after the arrival of the distinguished visi- 
tors’’ the article states, ‘‘the discharge of steam, which 
had previously been occasional and of comparatively 
slight force, commenced with a continued roar, re- 
sembling the loudest thunder we ever heard. It became 
incessant for two hours, during which time, its incaleu- 
lable force and astonishing rapidity in discharging balls 
excited amazement and admiration of all present. At 
first the balls were discharged at short intervals, in imi- 
tation of artillery, firing against an iron target at a dis- 
tance of 35 yards. Such was the force with which they 
were driven, that they were completely shattered to 
atoms. In the next experiment, the balls were discharged 
at a frame of wood, and they actually passed through 
11 one-inch planks placed at a distance of an inch from 
each other. Afterwards they were propelled against an 
iron plate 14-in. thick and at the very first trial, the ball 
passed through it. On all hands, this was declared to 
be the utmost effect of force that gun powder could 
exert. 

‘‘The pressure of steam employed to effect this won- 
derful force, we learnt, on inquiry, did not exceed 65 
atmospheres or 950 Ib. per sq. in.; and it was repeatedly 
stated by Mr. Perkins that the pressure might be carried 
even to 200 atmospheres (2940 lb. per sq. in.) with per- 
fect safety.’’ 

Shades of CO,! Are we heading backwards? Today 
we are familiar with steam pressures of 350 to 400 Ib. 
and regard them as being high; yet in London, almost a 
hundred years ago, we find them using steam pressures 
of 900 lb. per sq. in. while pressures of 3000 Ib. are pre- 
dicted with the utmost unconcern. Without doubt, if the 
ancient inventor of the steam gun could visit our power 
plants of today, he would scoff at our pressures of 350 Ib. 
and regard them with contempt. We do not know in 
what manner Mr. Perkins’ career came to an end— 
whether it was while experimenting with a steam boiler 
under 3000 lb. pressure or whether it was due to old 
age; we are reasonably certain, however, that if we were 
asked to operate a boiler at 3000 lb. pressure, we would 
throw down our shovel and put in a request to go Off 
Duty. 
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With the N. A. S. E. at Evansville 


LARGE ATTENDANCE MARKS THE 39TH ANNUAL: CONVENTION 
OF THE NATIONAL ASSOCIATION OF STATIONARY ENGINEERS 


NCE AGAIN, after a lapse of four years, the dele- 
O gates, members, and guests to the convention of 
the National Association of Stationary Engineers, 
on Monday, Sept. 12, found their way back to Evansville 
for the purpose of holding their 39th annual meeting. 
Thus, for the third time the city of Evansville was 
given the opportunity of entertaining the N. A. S. E., 
and true to form did so with its characteristic hospi- 
tality. The local convention executive committee by 
virtue of their previous experience in entertaining the 
delegates to the national convention had made excellent 
arrangements and had even co-operated with the weather 
man, who, it may be said to his credit, furnished five 
beautifully bright days in which to carry out the con- 
vention program. 
The local reception committee composed of members 
of Indiana No. 7 was on the job bright and early and 
escorted the delegates and visitors as they arrived to 


of the local convention committee presiding. After the 
invocation by the Rev. William Dresel, an address was 
made by National President Alfred Johnson. Mayor 
Benjamin Bosse next addressed the assembly and ex- 
tended a hearty welcome to the city of Evansville, which 
was responded to by Vice-President Parry. 

The first order of business in the first business session 
which convened at 11 o’clock was the preliminary report 
of the credentials committee showing an attendance of 
330 delegates. 

Next came the report of the president, which, owing 
to its length, can be only touched upon here. In his 
address he reported the formation of 12 new associa- 
tions and the initiation of 4500 new members. With 
respect to the reclassification bill, changing the name of 
engineers to ‘‘enginemen’’ now before Congress, he re- 
ported that action had been taken by the subordinate 
associations in protest against the passage of this bill. 





FIG. 1. PANORAMIC PHOTOGRAPH OF CONVENTION 


their respective hotels and to registration headquarters 
at the Memorial Coliseum. Headquarters were at the 
Hotel McCurdy. 

Monday was devoted to re-establishing acquaintance- 
ship and official registration. At 9 a. m., the doors of 
the Coliseum were thrown open and registration began 
promptly; by noon, over 600 had been registered. 

As usual, the official opening of the mechanical ex- 
position at the Coliseum at 8 o’clock Monday evening 
marked the beginning of convention activities. While 
the mechanical exposition this year was not the largest 
in the history of the association, all products relating 
to power plant engineering were well represented in the 
125 booths which constituted the exhibit. Charles W. 
Streithoff, chairman of the executive committee presided 
at the opening program. j 


TUESDAY 


THE CONVENTION was officially opened Tuesday 
morning at 9:35 in the Coliseum with Charles Streithoff 


DELEGATES AND VISITORS (CONTINUED ON PAGE 977) 


With respect to finances, he called to the attention of 
the delegates the fact that the total receipts for the year 
amounted to about $44,000, while the expenses reached 
the sum of about $51,000, thus leaving a deficit of about 
$7000. This, he stated was due principally to the 
amount of mileage paid at the last convention, $24,000. 

‘‘The finances, however,’’ he said, ‘‘are in a healthy 
condition, we having in the hands of our treasurer and 
deposited in the banks about $37,000.’’ 

The reading of the reports of the national deputy, 
the secretary, the treasurer, the educational committee, 
the membership extension committee, the license com- 
mittee and the technical papers committee followed the 
president’s report. 

The final item on the morning’s program was a lec- 
ture by W. A. Corey, sales manager of the Otis Elevator 
Co., in Chicago, on Modern Elevator Practice. 

Tuesday afternoon was devoted to an outing on the 
river excursion steamer East St. Louis on the Ohio 
River. 
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WEDNESDAY 


THE FIRST order of business Wednesday morning 
was a reading of the final report of the credentials com- 
mittee showing the attendance of 343 delegates; this 
was followed by the official roll call. 

National Trustee W. J. Reynolds spoke on the part 
of the Federal Civil Service Commission bill to reduce 
the status of power plant engineers to that of enginemen 
and the efforts of the N. A. S. E. to prevent such a 
change. To date the congressional committee has not 
made any report, and it is believed that the report will 
not favor any change. 

The morning’s program was concluded by an il- 
lustrated lecture on ‘‘The Bureau of Mines and what it 
has done for the power plant engineer,’’ by Henry 
Kreisinger, research director of the Combustion En- 
gineering Corporation. Mr. Kreisinger by virtue of his 
long association with the Bureau of Mines and as one 
of the greatest authorities on fuels and combustion, was 
qualified better than anyone else to lecture on this sub- 
ject and did so in his characteristic interesting manner. 
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on analysis and distribution were the first to be taken 
up. The report of the mileage committee followed, 
giving the total mileage of the delegates as 251,598. 
This was ordered to be paid at the rate of nine cents 
per mile. 

Next in order was an illustrated lecture by Geo. A. 
Cooper of the Hooven, Owens, Rentschler Co., of Ham- 
ilton, Ohio, on the subject of Uniflow and Poppet Valve 
Engines. The first part of this paper was devoted to 
the early history of the uniflow engine and a discussion 
of the fundamental thermodynamic principles involved 
in their more economical operation as compared with 
the more common counterflow engine. 

At the conclusion of the lecture, the officials of the 
National Ladies Auxiliary paid their annual visit to the 
convention. This was followed at 11:30 by the annual 
memorial service in honor of the members who died dur- 
ing the year. 

The Thursday afternoon session met at 1:45. The 
first order of business was the discussion of the subject, 
‘*Being Known in Your Own Town,’’ which was intro- 





Fig. 2, PANORAMIC PHOTOGRAPH OF CONVENTION 
“The Bureau of Mines,’’ said Mr. Kreisinger, ‘‘is to 
the stationary engineer what the Department of Agri- 
culture is to the farmer. The Department of Agricul- 
ture supplies a wide diversity of information on numer- 
ous subjects to the farmer; in the same manner the 
Bureau of Mines considers the problem of the power 
plant engineer in the matter of economical utilization 
of fuel, and supplies him with information about the 
steaming values of the different fuels and how to burn 
these fuels to get best results.’’ 

Wednesday afternoon everyone piled on special cars 
and went out to Bosse Field for the annual outing, of 
which the most interesting feature was the five inning 
ball game between the exhibitors and the engineers. 
The engineers won by a score of 8 to 4. 


THURSDAY 


THE MORNING session convened at 9:30, with Presi- 
dent Johnson in the chair. The reports of the creden- 
tials committee, the ritual committee and the committee 
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+e 
duced by John W. ‘Liane. Mr. Lane discussed the vari- 
ous methods by which local associations can secure pub- 
licity and the value of possessing an extended acquaint- 
anceship. 

The convention was also favored by a talk from 
Prof. A. A. Potter of Purdue University on co-operation 
between technical institutes and the associations of the 
N. A. S. E. in the matter of placing the educational 
facilities of the former within reach of the latter. This 
work is being energetically prosecuted in Indiana, and 
ean be had in other states if the power plant engineers 
manifest an interest in the work. 


FRIDAY 


AFTER THE disposal of unfinished business, the im- 
portant event of the morning was the election of officers 
for the ensuing year. The results were as follows: 
for president, Richard W. Parry of Cincinnati; vice- 
president, Frederick Felderman of New York City; 
secretary, Frederick Raven; treasurer, Sam B. Forse; 








national trustee, Joseph O’Connell of Chicago, re- 
elected for five years. Both secretary and treasurer 
were re-elected by unanimous vote. 


List orf EXHIBITORS 


THE EXHIBITS were original and diversified. Great 
commendation is due the exhibitors who apparently 
spared neither time, effort nor expense in their success- 
ful endeavor to stage a display of the highest excellence. 

Of particular interest was the booth of the Chuse 
Engine Co., where a complete engine was set up con- 
nected to a d.c. generator. The weight of the entire 
installation was 24,000 lb. 

Among others having exhibits of power plant equip- 
ment were the following: 

Ackerman-Johnson Co., Chicago, Til. 

Adam Cook’s Sons, New York City. 

Albany Grease Co. 

Allis-Chalmers Manufacturing Co., Milwaukee, Wis. 
American Flue Cleaner Co., Philadelphia, Pa. 


American Steam Gauge and Valve Mfg. Co., Boston, Mass. 
V. D. Anderson Co., Cleveland, Ohio. 
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Foster Engineering Co., Newark, N. J. 

France Packing Co., Tacony, Philadelphia, Pa. 
Foxboro Co.,Inc., The, Foxboro, Mass. 
Garlock Packing Co., Palmyra, N. Y. 

Goodsell Packing Co., Maywood, Ill. 

Green Engineering Co., East Chicago, Ind. 
Greene, Tweed and Co., New York City. 
Hawk-Eye Compound Oo., Blue Island, Tl. 
Hays School of Combustion, Chicago, IIl. 

Home Rubber Co., Trenton, N. J. 

Hooven, Owens, Rentschler Co., Hamilton, O. 
Jenkins Bros., New York, N. Y. 

The Jerome-Rothenbucher Valve Co., Chicago, Ill. 
Johns-Manville, Inc., New York, N. Y. 

Johns Pratt Co., Hartford, Conn. 

Jointless Fire Brick Co., Chicago, Ill. 

Keystone Lubricating Co., Philadelphia, Pa. 
Lagonda Manufacturing Co., Springfield, O. 
Lebanon Boiler Works, Philadelphia, Pa. 

A. Leschen and Sons Rope Co., St. Louis, Mo. 
Libby Glass Manufacturing Co., Toledo, Ohio. 
Liberty Manufacturing Co., Pittsburgh, Pa. 
The Lunkenheimer Co., Cincinnati, Ohio. 
Lynch-Clarissey Co., Chicago, Il. 

Manning, Maxwell and Moore, Inc., New York, N. Y. 
Marion Foundry Corporation, Auburn, Ind. 
Marquette Electric Co., Chicago, Ill. 

National Educational Committee, N. A. 8. E. 
National Engineer, Chicago, IIl. 





FIG. 3. PANORAMIC PHOTOGRAPH OF CONVENTION DELEGATES AND VISITORS 


Arrow Boiler Compound Co., St. Louis, Mo. 

Ashton Valve Co., Cambridge, Mass. 

Bailey Meter Co., Cleveland, Ohio. 

Belmont Packing and Rubber Co., Philadelphia, Pa. 
Birch Pump Valve Co., Chicago, IIl. 

8. F. Bowser and Co., Inc., Ft. Wayne, Ind. 

Bussman Manufacturing Co., St. Louis, Mo. 

Calebaugh Self Lubricating Carbon Co., Philadelphia, Pa. 
A. W. Cash Co., Chicago, IIl. 

Chicago Chemical Co., Chicago, IIl. 

Chicago Engineering Supply Co., Chicago, IIl. 
Chapman Valve Mfg. Co., Indian Orchard, Mass. 
Clark Engine and Boiler Co., Kalamazoo, Mich. 

Cokal Stoker Corporation, Chicago, Ill. 

Combustion Engineering Corporation, New York, N. Y. 
Crandall Packing Co., Palmyra, N. Y. 

Crane Co., Chicago, Ill. 

Crane Packing Co., Chicago, IIl. 

G. M. Davis Regulator Co., Chicago, Il. 

Dearborn Chemical Co., Chicago, Il. 

Defiance Packless Valve Co., Chicago, Ill. 

Edward Valve and Manufacturing Co., East Chicago, Ind. 
Elliot Co., Pittsburgh, Pa. 

Evansville Oil Co., Evansvillé, Ind. 

Evansville Supply Co., Evansville, Ind. 

Fisher Governor Co., Marshalltown, Iowa. 

Flexible Steel Lacing Co., Chicago, IIl. 

J. B. Ford Co., Wyandotte, Mich. 


Nordberg Manufacturing Co., Milwaukee, Wis. 
Otis Elevator Co., Chicago, Ill. 

Page Boiler Co., Chicago, II. 

Paragon Power Specialties Co., Hartford, Conn. 
The Permutit Co., New York and Chicago. 
Perolin Co. of America, Chicago, Ill. 

Pioneer Rubber Mills, San Francisco, Cal. 

The Wm. Powell Co., Cincinnati, Ohio. 

Power, New York, N. Y. 

Power Plant Engineering, Chicago, Ill. 

Quaker City Rubber Co., Philadelphia, Pa. 
Republic Flow Meters Co., Chicago, Ill. 
Richardson-Phenix Co., Milwaukee, Wis. 
Richardson ‘Scale Co., Passaic, N. J. 

John A. Roeblings Sons Co., Trenton, N. J. 
The Roto Co., Hartford, Conn. 

The Schaeffer & Budenberg Mfg. Co., Brooklyn, N. Y. 
8-C Regulator Mfg. Co., Fostoria, Ohio. 
Scully Steel and Iron Co., Chicago, Il. 
Shear-Klean Grate Co., Chicago, Il. 

Southern Engineer, Atlanta, Georgia. 

C. E. Squires Co., Cleveland, Ohio. 

Standard Oil Co. (Indiana), Evansville, Ind. 
The Texas Co., New York City. 

Trill Indicator Co., Corry, Pa. 

United States Rubber Co., New York City. 
Vacuum Oil Co., Chicago, Il. 

Vogt Bros. Manufacturing Co., Louisville, Ky. 
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The Seventh Annual Exposition of 
Chemical Industries 


FFICIALS, exhibitors, spectators and all other 

interested parties are agreed that the Seventh 

National Exposition of Chemical Industries, held 
at New York City, which closed Sept. 17 was by far the 
most successful yet held. Not only was the 50,000 
attendance mark passed, but intense interest was evident 
throughout the sessions, which started in the Eighth 
Coast Artillery Armory on Monday, Sept. 12. 

Friday’s session—devoted to ‘‘The Power Plant in 
the Chemical Industries’’—was the most successful day 
of the week in so far as attendance and enthusiasm was 
concerned. 

The important problem of power for the chemical 
industries was discussed from all angles and various 
methods of producing sufficient power for the opera- 
tion of chemical plants were outlined by experts in the 
various-lines. 

The matter of power in the chemical industry was 
taken up in the afternoon. R. C. Beadle, editor of 
‘‘Combustion,’’ chairman, opened the session with a 
short address upon the need for the development of 
power resources as an aid to all industries. 

R. M. Gordon, of The Solvay Process Co., was next 
on the program, the subject of his address being, 
‘‘Modern Boiler House Arrangement of Equipment,’’ 
this talk being illustrated. 

‘Suggestions for Reducing Heat Losses in Chemical 
Plants,’’ was the subject of an interesting talk by John 
Primrose, of the Power Specialty Co. Other speakers 
on the program, with the subject of their speeches were: 

E. G. Bashoro of Rice & Bashoro—‘‘Boiler Feed 
Treatment and Treatment Control.’’ 


A. R. Stevenson, Jr., of The General Electric Co.— 
‘‘Compressed Air Installations in Industrial Plants.’’ 

D. B. Rushmere, J. A. Seed and E. Pragst, of the 
General Electric Co—‘‘The Application of Electric 
Power in the Chemical Industry.”’ 

F. G. Anderson, Morse Chain Co.—‘‘The Limitation 
of Silent Chain Drive.’’ 

S. D. Chamberlain, Distillation Industries, Inc.—‘‘ A 
New Method of Coking Coal as Required for Industrial 
Fuel.”’ 

H. D. Savage, Combustion Engineering Corp.—‘‘ The 
Application of Pulverized Fuel.’’ 

Perry West, Anti-Corrosion Engineering Co.—‘‘The 
Prevention of Internal Corrosion in Pipes, Tanks and 
Other Iron and Steel Equipment.”’ 

Motion pictures were also devoted to the question of 
power plants and the pictures drew a record attend- 
ance. The subjects shown were of wide general inter- 
est especially among plant executives, proving as they 
did the value of fuel economy not only in the chemical, 
but in other industries as well. 

The majority of the 400 exhibitors at this year’s 
exposition reported that a larger number of inquiries 
were received than at any other previous show, while 
numerous orders were taken by machinery firms. 

Editor’s Note: Abstracts of the important papers 


relating to the power plant industry will be published 
in future issues. . 





POWER PLANT 
ENGINEERING 





979 


1,000,000 Volts 


UCCESSFUL generation of electric power at more 

than one million volts at commercial frequencies 

has just been accomplished at the High Voltage 
Engineering Laboratory of the Pittsfield Works of the 
General Electric Co., it was announced recently. Dur- 
ing the course of the experiments, just completed, much 
valuable data was gathered indicating the feasibility 
of considerably higher transmission voltages. 

Physical laws applying to high voltage phenomena 
were found to hold good at these enormous potentials. 
In the course of the experiments the gap spacings for 
sphere and needle spark gaps were carefully checked 
up and prolongation of existing curves (750,000 v. and 
below) were found correct up to 1,000,000 v. 

Arec-over tests were also made on strings of standard 
10-in. suspension insulators up to 1,000,000 v. The laws 
of corona were checked at similar potentials and found 
to hold. A short transmission line was tested for corona 
conditions and results indicated that a line using 4-in. 
diameter conductors or larger would be necessary at 
1,000,000 v. 

The successful conclusion of the tests is the result 
of more than 30 yr. of constant experimentation during 
which time transmission voltages have arisen steadily 
from the first 15,000-v. line built in Pittsfield in 1891, 
to the present recordbreaking voltage of 220,000 v., 
equipment for which was recently shipped from Pitts- 
field and is now being installed on the Pacifie coast. 

Today’s tests confirm the belief of the Pittsfield 
engineers that it will be commercially feasible to use 
considerably higher voltage in the transmission of power - 
and indicate the extension of long distance transmission 
beyond limits heretofore believed possible. Electrical 
engineers are now in a position to forecast results. 


First Power Plant of Pit River System 
Completed 


By CHARLES W. GEIGER 


ACIFIC GAS & ELECTRIC CO. has completed con- 
an of the first hydroelectric power plant on its 

Pit River system in Shasta County. This plant is 
located on Hat Creek, a tributary of the Pit, and is, in 
round numbers, of 16,750 hp. installed capacity. A sec- 
ond plant of similar capacity, located on the same stream, 
is nearing completion, so that before the close of the pres- 
ent dry season it is expected that the Pit River territory 
will be in a position to contribute materially in output 
of electric energy to the distribution system. 

This Pit River development is of almost sensational 
character by reason of the extraordinary water power 
facilities afforded by the Pit and its tributaries, which 
derive their source of supply from the Cascade range of 
mountains. There the lava formation gives the soil a 
sponge-like character, so that streams appear to spring 
out of the ground, as it were, while the whole territory 
acts as an underground reservoir; as a result, wet or 
dry seasons make little difference to the stream flow, 
which is not only abundant but even throughout the year. 
It is estimated, for instance, that the Pit River, with its 
tributaries, yields an average stream flow of 2500 ft. per 
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sec. even in dry months of a comparatively dry season. 
Its value, therefore, for hydroelectric development is 
wonderful. 

It will take several years before the entire project 
reaches completion. In the meantime, however, the two 
Hat Creek plants when put in operation will add their 
output to the ‘‘Pacifie Service’’ system, while in about 
a year from now the first development on the Pit River 
itself will be in operation and will be of 93,000 hp. in- 
stalled capacity. The remaining plants of the series 
follow the course of the Pit down to the Big Bend, where 
the final development in the chain is marked. The aggre- 
gate in horsepower which it is estimated the Pit River 
system, when fully completed, will furnish will be not 
less than 400,000 hp. 

Meanwhile, work is proceeding rapidly on the con- 
struction of the first plant of magnitude located on the 
Pit River itself. This involves a diversion of the waters 
of Fall River by means vf a 10,400-ft. tunnel to a point 
above the Pit where there is a drop of 430 ft. It is 
expected that this plant will be ready for operation just 
about a year from now. The electric generators ordered 
for what is known as Pit River No. 1 plant are the 
largest of the kind in the United States. They are ver- 
tical shaft generating units composed of water turbine 
and generator combined and are each of 35,000 kv.a. 
capacity. 

Another feature of this Pit River development is 
the proposed high-tension transmission line by which 
electric energy will eventually be carried from the Pit 
River to the Bay of San Francisco at a voltage of 220,000. 
The distance will be upwards of 300 mi. 


News Notes 


THE FIFTH annual convention of The Society of In- 
dustrial Engineers will be held in Springfield, Mass., 
Oct. 5, 6 and 7. Industrial Stability will be the main 
theme for discussion, the topics on the program covering 
four of the major functions of industry—Production, 
Finance and Accounting, Sales, and Industrial Relations. 
Afternoon and evening sessions will be held on each of 
the three days, the mornings being devoted to visiting 
some of the most progressive plants in the Springfield 
district. All the sessions will be open to the public. 


E. D. Kinpurn, vice-president and general manager 
of the Westinghouse Electric International Co., has left 
New York for a trip to Mexico. While there, Mr. Kil- 
burn will make a survey of general business conditions 
looking forward to considerable expansion in the elec- 
trical industry in that country. 


THE LInK-BELT Co., of Philadelphia, recently re- 
ceived contracts for supplying the machinery for two 
locomotive coaling stations for the New York Central 
Railroad Co., to be located at Solvay and Wayneport, 
N. Y. The plant at Solvay will consist of a 100-T. rein- 
foreed conerete structure, equipped with 12 undercut 
gates and coaling chutes and 12 sand gates and spouts, 
with necessary piping; two 24 by 36-in. gravity discharge 
elevator conveyors, 177 ft. horizontal and 60 ft. vertical 
centers, having capacities of 80 T. per hr. of run-of-mine 
eoal; two 30-in. apron conveyors, and two 17 by 24-ft. 
track hoppers, with grating having 15-in. square open- 
ings. The station at Wayneport consists of a 400-T. 
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steel pocket; six coaling gates and chutes; one 24 by 
36-in. gravity-discharge elevator conveyor; one 17 by 
24-ft. track hopper, with grating having 15-in. square 
openings. 


THE Boston Puastic Fire Brick Co., Inc., of Rome, 
N. Y., has moved its New York City offices from 13 
Astor Place to 50 Church St. 


Ernest E. Lee Co., 115 So. Dearborn Street, Chicago, 
has been appointed district representative for Northern 
Equipment Co., of Erie, Pa. 


Frep A. Dexter, inventor of pipe threading and 
cutting machinery and for many years president of the 
Leavitt Machine Co., Orange, Mass., died on Aug. 26. 


THE Howarp Iron Works and Alberger Heater Co. 
now have offices at 1777 Woolworth Building, New York 
City, which are in charge of S. D. Harding and G. S. 
Whiffen. 


THE PIONEER RussBer Miuts, of San Francisco, has 
appointed as new distributors for St. Louis and vicinity, 
O. C. Keckley Co., of St. Louis. The Evansville Supply 
Co., of Evansville, Ind., are now the representatives in 
that territory. 


W. Wiper, formerly of the Steel & Tube Co. of 
America, and the Allis-Chalmers Co., has become asso- 
ciated with Elliott Co., of Pittsburgh, Pa., and will make 
his headquarters at the Pittsburgh office, covering sur- 
rounding territory. The Philadelphia district office of 
Elliott Co. has recently removed from its location in 
the Pennsylvania Building to 812 Morris Building. In 
addition to the Elliott Co. business, this office also han- 
dles Philadelphia territory for Liberty Mfg. Co., Pitts- 
burgh, Pa., and the Lagonda Mfg. Co., Springfield, Ohio. 


Catalog Notes 


PusBuicaTION No. 1106A of Allis-Chalmers Mfg. Co., 
Milwaukee, Wis., entitled Type ‘‘E’’ Direct Current 
Motors and Generators, is a reprint and revision of the 
eompany’s bulletin on this subject. 


BULLETIN No. 246, just issued by Dayton-Dowd Co., 
Quincey, IIl., describes the company’s approved under- 
writers’ centrifugal fire pumps, and is illustrated by 
numerous photographs of installations and tests. 


THE WEsTINGHOUSE Electric & Manufacturing Co. 
has just printed Folder 4456, entitled ‘‘The Center of 
Power.’’ This folder illustrates the many uses of the 
small motor, and encourages the use of labor saving 
machines in the home, office, shop and farm. 


STANDARDIZED HEAT TREATING Furnaces, Combustion 
Type, for steel hardening, carbonizing and annealing, 
non-ferrous metal annealing and similar metal heating 
operations, are illustrated and described in Bulletin 
LF105, of The George J. Hagan Co., Pittsburgh, Pa. 


DEPARTMENT OF THE INTERIOR, Bureau of Mines, has 
just issued Technical Paper 269, entitled Analyses of 
Iowa Coals, by G. S. Rice,.A. C. Fieldner and F. G. 
Osgood, which may be secured from the Superintendent 
of Documents, Government Printing Office, Washington, 
D. C., for a nominal price. 
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